This is a reproduction of a library book that was digitized 
by Google as part of an ongoing effort to preserve the 
information in books and make it universally accessible. 


Google books 


https://books.google.com 








IRA AM eod oct ic A, 


Ld prp- 
OPER 29 
Se renim nn rn 
=< . ow 

a 




















— ur NN e ES 






Pu 8 











* 
- 
" 







n0 LE DEM ` 
ORE 4^ * i^ Š. bns wah DL —— i de na 
"d y —5 


sin —— — 


— 
"Y 2* ^. e x 


^t — AA, 


TER adia 


: . nies ddp mar qmd o TS 
š > ; l^ SS 
DU MCA EIUS cc en eae Cee ce NT 


—— — 
“ >x 















ALA 














m thee rm 
—— "eee 
n ane — — pre 





tore + y... 
— MA pa; 
> Y. a 


x aes TE ^ rmm Toye 
h —— = ^ra 


Mito oe Y 
e ANO — 


wr aa I 


bi 
3 x 








Pd d 

4“ m 
AL — — 

e ower? 









= —— 
d S P cm 
_ e ZB 


= —— * LX 
pm ors — cee s 
— Lad e pA Mer eA qi — i — 
apo yee —* * ome $'*r oe 2, > eS 
P] px c. 
— JURE d 


- the 
! IM 
—“* — Ç . pei arbe t qA 
CO ue. ees T — E i x lA d * 



























—— * 
Y e dn. hor ow 
J oO 



























oF De Oo ert 2 a 

e rime veiba bite dj Age bi bns v- ico 

aye ^ eA — — 
á b 

rre Re — a yore 


me wm lI 


— 
































































eas * 
ute A4 neg ODC UCE OC TL S 
MN " * — E , : 

— — REM nk Boe ss * Re E. vin mt ———— edem — — ses 
ECCE: ero AE dts s . Fpa h 9n Arce Oe pe bed mh ba 6m VT ters P e — — — 
Mw e — VOU ees bl — —* — ee D — < irum — aa | Ta 
* — —— Je ei riae ge D — muon — EAR SNC 

CULO we 
f * EK mpr wants 


nno ether > n OE mo 
remo vat FE Pwr Oe * — A 2 ndm 
" * M no — — pb docte Feader 
SEN ees — x veo ^" * UU 
LI 
CEC 
- , 4. I 















Aeg CE 
ertaga eee 


YMO gs Au - - — 
— 





See +. tum —— de. 
— 

































































PaL * mei * 
L + L4 
Bod eit = 2i — P EE Y XX l D — 
= jen. a oth OPN x — ow & ade heb arde asa D ———— We pes dud X " edere s "P +. — 
D — —* + Sone ernst “r rl — Ar Dax Vei uu dr e m ez c edo Des ——— s — SAL P D — 
e A a e ` - P t ] 

— e , ~~ h s — — disi "bv ied d der 4 X a "e wees’ * "m : — — 
^ — * ate- " Aa ° x — — 
- 2*8 cim he - & 

mo ne T E 
— XE um T. n Sex Wy k ED ) ` Tun cB ae CSS "SM ze ACTS ——— — — 
loss x den Dam OO aed w p< +. - IIIS UL ee : . Pane G d i. m ` ` . ; ya pa 
jos. Een re re eer — —“ tT de erem x EP e 

yam å At Re —— "red OY “sree ed 


rp ede ris MM —— ‘ * 
Š . amit 
1 fab e p. rJ A eder a Flees owe 
Md š $ 


t 
€ 
Aere — LY. 










A nd 
— VIS VENETO AERE IA 
Vedan Qe OR. D acid cd 


xx sue Aes a ee — o DUCES 


































metn. 
E: * S 
















































































































































































































h^ n : b. 50663 M. v^. EN Andon pot yy mero — 
* : A " barn. 
> w... I É og à D e — —— eres Ade dme De tember md) x A ^ "Ride * 
MOSES ES MUR — — Vus Boia at —— ALTE — eaten 
Vn * s LE poe b M re or * PM Awya. » x` me 
Ee * —— ai —* vU d E RX —** AS n Z dee d» ves le ^ ees ah u hua ora Katon rer S— War Aragi — —* 
t A NV b PH Ye jw d | v b d arer > eq yee eh ne - è 1-13 4 » > 
—— S DD ee ae Ver Maria onk or Lad n e arte ieee Peor aca Pana ed arque is —— ot rey ony v e Pare 17 ar = Te ee e ed ore 
m. vett. pite ratio Pa md a areata ote ae hs ue T a DOLI. esa ee eed oo he Sess Be (ndn et > e" I [wm à & " 
ES . Tue mee e — nv: Sw * yy aXe quA Tota SN C Sardes y CGE] —— * wie 
w — ne ^ LR E >e) eor Pe teir rue -Prha do m dnie u emt è 
y — DILE VLC aes SESSA wis hawe — — Lid bb: besa: — idi nda adr. —— — 
pa bree — 8 XN 4 Se pede tee ae [ade Qe sede ny beh br woh ae ore nom: Leet VF Pare - eo. 
USA nate — — — — A de 4 eese nisi ee v bn A Pre card aei n Ne — nio a «A Vig Devi been 1^ w... 
— “à x tes xh ; "Zu ae me md nw m^ à» dba de dere m uel X* Pda geom do Fete gh ied ur ideo Un da > ndr dec-79'- toe 
— eke - aas Tengen ooh» o & *4 en ere ret" 6 “ eter be on vere — + W — — Lon sd fes ine tee rir er 9. Ë rir — — (we qeirib^-28^ 
CEE EE cc Soe teehee — FITS AS TENA RSS ear enn pene etn eee a 
— > ` — ue $a à d id L L : 3e - * -i ; - e h 
ide E Dou <. Amy + — OF — m n Ly —8 — tr E - 4 rrr LIT. d — act: abe (diee — —* ia AZ M 
Preu mel eve y i ness en ye Sá A; — umb d. D mht ofp Beas oe aa ear CC ine — m? eitile hAirt wit eas o 
++ depi a tba reg 9 — eS » . E r y= of ~— — LIS - Sek denne ieee mw ss Mate i acra nt ene tT popup iya om hea 
“ PODES eat e oo — By A ana: — IBI A è —R te lie de he OP beers you CX 4 LA nde oe 
~ a P» rds qud: d. wet "e ret — ber V hot hay n. pP. Orton) ou — * nal — a — Rd pen 
—— m » Boar New. t saet A . pod r^. oe be *? Wr k.qa pt ee Z so> — iot az p — Po Auto ee * — — 
SR ROT erre d e — t — $4 i Ç lows e Pv. z y. rar t pede OH idea a ira emi Oe bet mp ando 4-2 dee 
Aa diu "sg. aov Sodio crap a i bard * - — Osko S éco & A 7. OY iw Rea dr a. ae De ore en er Cui. are — 
ee Fat pean =) marre yet = DUE [e y ^J ; * NS A DEC ded. ird» Ase 6 — Asked ® — e - dno —** "A 
VOCE re a D E TRE om E ME ITN ODE oR oR TNE 
- M ' a "A ^ Y d r ° 3L N w : ` `. n LE wire re d ttid @ +m ad 
mer ath tok s 4 tetur de Be i —* ` Pra P dà; . S: — — «xl lea w a «Bre rira, an ener TORN TR — P bre. "Y — 
re LÀ A a> as UEM = ww TCO ` P. LN -b pay a 1 t> A AA Ti Wary rhini de^ deo | o 
Li 4 ame ' ^p. i (D ^ , Tr SA o —n EAT 
TREIA —* Vo Mtr ea PE vs be P pir. — Jia vat ne — —* Cc mec riiv 
hb... t ) ar tee P r , r » pr A ppt wir ers MER brg — te a maa ve OMA bree Gee 8 iy) weve ve 
A non nen A CE T. ' 3 et 4. MEM PE ohare ` « . T2 r > aa-e — — n "a ow dT —— — LIED 
on npa ~~ aoe o>) — US XA Iw » m / : P T ` hi ' 1 — ju edt mts Pi Nets in de t — mw ef rta e S ri W. We rue PO th ap eede _ Ç 
4 bobea Mei ie mde PO Rd EXT x A Peg > : i ` +e ^ —* CP Owe ey ded w Pria A. de habe tie ears à aede hy — LI baie Be or ia. ooi 
^ *- AEN (22 4 > ` P. 4 c o rhet @ red ba ee e 
[ l ^ Lvl nt ^h yer ^ `` ae À "n P" “ 













rs het ono dr m mum edet Das .vs.g MO. .. y - Pee ` AM te 
ue mbt aes Ryne ATEO ast wi: bo de t Orb dled dub WO ond tee óc in ii) ook à >. e — — 


dew w^ —8 e * 
eal © 
— aAA rn "i$ het fefe S wer 


——— 


AM x A, rt 








































































































































































































rm © b+ tots A9 did inbetr ba. etes —— e MÀ P oti mmn] 
^m ‘+ , ' ò » f è — ated (ny + Ore ç w. P bh e ODDS ODE sw RES e» be * bey Sehr 
arte p oon oo Veen bee LR ir br phy ac QUT d ice AK Feli nar + a : —— —— Eo DOG DOE zx simone iot bes Bowe.) y dr S tute 4 TO Ned ne ae 
pe To e EA. wh beg A tiny eh ne ohh H ] i LT P : Re note Ar eder, & pde hy —— 
Ee qa bini M ca Pel Pom B RENE IRURE ict: HARE RS e es a —— — yk U. Q — 
Sones t XXx —* we) Be TU 2) pene + 7a © t Marta - J LL < ^q & lee o Rc ^) umm 
ve^ i * wa PIP Sehr ees . dT Wat mA PAE a ed ek à ^ 
Ç — De LoS ae WE emat a mie MER "e ' — —* + - — * € "Ww CT * ZR Wu. Pur eth un — ^ —— Te A T) irte da 
Exe wage — IN ed t] 3 TRI — Mer " - e; S = ask; ~ 1 š 2 — awa ioe 3 QU v. x US — X — wit x cnr NOU wer: — 
"P J < = — We 
* —— -— ere x “~ — et erp. M —* * see " a > pr hasa eo ` ww minier à —9— o x" a we — irs — a oo ml + LA . 
roi» — e —— wed ero d hs vis E. — * Y ee ee yT oe t r x a n AT v hret s ote hee . —— — d mra be — et ^er» 
J "p ‘ "ny wr B "a. + ele te ` ` è 
NS Pe m a OA RA a ra ——— ERA Moe pre mar ddp dr ipa d dett eir lare bg armar ra s iei era a E — AEAN A re Aar AR a — — 
a^ uice" M d bin € — "ITE LL A PAS AO p A pen h de rho dreamed ote Fore » $ed ed wid ¿a.f 4-4. 4 r. hd. M rel rre ¿ "s Y. ui - 
PEND aaa - Ne Te) ^ n — "+. MA ` ` y U Rtn W WRT at ç tebe . `. dad ds z ds d^ —— ee ee PL bees 409 ted & h... v belge dcc ted FAA Wee ' we boa v bes — EXON - 
vie par rw oram ^ Ter * à" ig DS ' a. a — aie | or a Be ork i ete Rg AL Hs “eer. do 4^ Dear oto D ass ^ poo —— * s 
— Dp ' Aha w. fc UN c e bow dr rer i^ "Pies io T TL e ert 2 Aime š Peers Aisne — — dte atp E — * we wat bow VM — — 
— < ^ " ^ s Jer 4 T her ^1 v. ^ - ne ome - 
reo — 
this " + re h. > > di neis — b, ah, LÀ L > o » Di P T 
2352 nara on — "Ç “ — -< EA — — > bre š D boris n —— Paes ~~ E Y) y a y ttè "m pere 8 + MI MEC 
- RS — AVE ra s Lanka: ‘eu "t SAS — 1 ^d eyes carr > , "y RES Aiea ie" 0 Fa. e — 
— Cp Rn ee 
EINE one: e mee aS yes brk 13 air Tag se ë Ée de Pa oe CL. CIRY] e R —RXE C A doen » 
TOUS ** - Y! —28 EC: DAR cpi a 4124 “x HAUS d A aa Toa S —— + > c" — regs ris 
š Vat dX Pe i lab ded ome ach d Ty Y VAR S Ae — a reves v rtp Oe — ca? v t — 
aet d WV Pees ew we) —— — vw rb Jug by OPO Boke + 17 e Pe: mae Ach df BER, Dy ç Bebe * Ce ER i w — — 
Voce ere ene —— ebe wee pa m P 4 Y Np M deie yids Gane Ansel Rat AMEE on e = — de ice E ami ot 
Pate btw V. tm. ^ P ° x , ^ 
LJ : ^ P BA > "T "=... 
LL e mi * i34 aha d. Man SK PQ h Ç — EN - A — COURT RECETTE Dera w... Q. iq Wh) qe er drm oe — 
BT wear phir pro > .. c ty ndn t ear er 23 Or PE: en —— —— D. za MMC — bree ase is d — : Sy a rte — See W^ 
——: DT S y * * ret —— B l KA — S^ rst — » € 4r tees ST ener "2 $ave ; qva AC ieee ass LG e Y 2 ey in Dive rey — — 
Verdes à TRS rea’ way RTT Ay — iini wy em dor É > ARES CS (Pi hin’ dr Pad Je). bea bees Pereira eria tt ri Ard, Ta Ph DEA 
> br des ' 4 ^ — arei ja IX & — ire LP E te~ Chews » eSer. 
^. vC IG V Pire are —— WOO NOI PISO te QUU AES Aaa * Vere raw 343555 —— Ms e re eru i — 
—— ` ire & dedo hara Disa gia arin b Oy ane Ate hibet: Von na e A rea (^ riire Etrit d Pro tie Be ^em TEE ts CUTY CPP PR rer a} boirat AAA "a 0" "rm 
2A — —— Yr ae er AN —8 nee oe ` `x: PAN NT. — LC SP ^ m de qr DUAR oo "n rea a Pray iS a^i mr ee € iow cla qu 4 v) nt 
M * — ee their VA nt ee ten dr ie cran om A ann mia C ¿ Wk. Pa as a T nq Q bi rm pr den: «rr epe Hemo hep ode e m Pte arb ded. a m) a vir truci inca — — 
Dos — ee tes “yy ave 2: BESS XA LII Je bc mesa dele Y meg 1 * wee a Tarot >a ae ” < qe et 688 Tear ae — LL LI der b hs ares 
OCT 2 — ote nA nid ret "Mee ur dr M A aa + CRI, a Au LÀ aye <d Aq TM +“ — tiee Denodd pa h pande ded a ^ — —— "ERiber 
DAC. d ES SO CHCETE SE deese euer anes ert E DR enn roe 


~~ 
ace — A - 
ne e (e eee e Pures w. ase bow nid ers rere hars wart 4 
i a= — AES aO QUITE <7 EC —— 
k CE M» FIRT EXT — 
—— — TA Tae iet w uy & 
oh Wa bee —— — ese * TALS jabba 





NA. 
































Duar * ` B ecol LEA T^ ve E > ‘We et a E - 
v L — v à T > » 
—* - —— nares — PO EAR < Ue i aa — f ~ tok -— s AAC AA À 
A edi dirt Sa —— E * + vor» 2° — yor — s : ras I 
. 4 ` 
— — e "eau ODE 2 ‘ee 












Lx 
" . “hey H4 A 4 y "2n rreri dem 

UD A E š ^ vy s rhe Ak e e^ ç ! d v — . >à; 1 4 D*t ap e tn — LI hae — —* — "I EG — 
ë: 7 bv "Ina: dure A. 4 A k i A Kon á - Ac. S eos a - D PLA. — JL * ee 

Me A — — Ene 


JW 
^e 4 v —— > r ... 
Charts — ^ — - c eiue ` J 


n MSS 
— T PEE — 









* >$ v [ 
QV e L Cn e wir P owe wa EP 
- * AQ ed pane ic. » 
! LES rae H " I d _ ver eevee vone tS he os 
pè » Y (ew . š 4 1 * I u * - 4 — rd tM pi AN — aie “a 
—— `. P ü v. N , à * sl š 94 | L " tona ">r r 








o $-& d ur tow ` ! s : = L — A LI u 
pene Se — M * : E , d I vaa i * Qe M qw : —* 
— — 





me bop ewe 
Y^ V—— 
Sethe ara Lab 
A 4 - >” 
d td d = ak et rs 
y s wey —— “>. vii — Mw Ad 
Aw t DEOR M Y ` bert er + w = a (thee — y 
sve € [ ; i ea , "A t Ay. x 
n arre rÀ - MS M ^A Tere ci ped Vu ape Y =e — E 






































w 


bape See 
c YS 







` 

















Digitized by Google 


Digitized by Google 


m — pumpan we pent aspen KC 


ELI s 


l 


+s 


T WARFARE DEFENSE 


BUREAU OF NAVAL PERSONNEL 
NAVY TRAINING COURSE NAVPERS 10099 








* 


Digitized by Google 





ABC WARFARE 
DEFENSE 








Prepared by 
'. BUREAU OF NAVAL PERSONNEL 


Reprinted with changes 1963 


NAVPERS 10099 1960 


| — 44 
[5.2 
$67 


THE UNITED STATES NAVY 
GUARDIAN OF OUR COUNTRY 


The United States Navy is responsible for maintaining control of the sea 
and is a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instant offensive action to win in war. 


It is upon the maintenance of this control that our country's glorious 
future depends; the United States Navy exists to make it so. 


WE SERVE WITH HONOR 


Tradition, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watchwords 
of the present and the future. 


At home or on distant stations we serve with pride, confident in the respect 
of our country, our shipmates, and our families. 


Our responsibilities sober us; our adversities strengthen us. 


Service to God and Country is our special privilege. We serve with honor. 


THE FUTURE OF THE NAVY 


The Navy will always employ new weapons, new techniques, and 
greater power to protect and defend the United States on the sea, under 
the sea, and in the air. 


Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war. 


Mobility, surprise, dispersal, and offensive power are the keynotes of 
the new Navy.: The roots of the Navy lie in a strong belief in the 
future, in continued dedication to our tasks, and in reflection on our 
heritage from the past. 


Never have our opportunities and our responsibilities been greater. 
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PREFACE 


This book is intended as a basic reference for all enlisted men of the 
Navy, since a knowledge of the fundamentals of Atomic, Biological and 
Chemical Warfare Defense is essential to everyone. 

Knowledge of the characteristics of ABC warfare agents, the methods 
of sampling and detection, and the decontamination procedures are of. 
especial importance to the Damage Controlman. Protection, self-aid and 
first aid against these agents are important for every man to know. 

Continuing developments in the area of ABC warfare may ‘make some 
of the information in this book obsolete before too long. Therefore, the 
need for "keeping up-to-date" cannot be too strongly emphasized. 

As one of several BASIC NAVY TRAINING COURSES, this book was 
prepared in the Training Publications Branch, Bureau of Naval Personnel. 
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CHAPTER 1 
INTRODUCTION 


There is a possibility that atomic, biologi- 
cal, and chemical warfare agents might be 
used in any major war of the future. It is 
important, therefore, that all naval personnel 
understand the nature of suchwarfare and that 
they be thoroughly trained in the means and 
methods of protecting themselves and their 
ships and stations. To win a war, we must, 


first, be able to survive an attack and, second, 
recover from the attack in order to carry out 
the mission of the ship or station. 

The destructive capabilities of ABC war- 
fare agents are far greaterthan any munitions 
used in the past (fig. 1-2). Atomic andthermo- 
nuclear bombs and warheads can blast entire 
cities. Andthe danger to personnel does not 





Figure 1-1.—H-bomb explosion in the Pacific proving grounds. 
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end there; there are the quiet, invisible effects 
of nuclear radiation which could cause a tre- 
mendous number of casualties if no defense 
were available. Like nuclear radiation, the 
BW and CW agents also dotheir damage quietly. 

There are instruments to detect these 
agents; there are also symptoms which give 
clues to the agents used and thus permit the 
administering of immediate and proper self- 
aid and first aid. The nature of ABC warfare 
agents makes it essential that EVERYONE know 
their effects so that the maximum number of 
personnel can survive to carry the war to a 
successful conclusion. 

Defense against AW, BW and CW is combined 
here because ofthe possibility that these types 
of warfare might be used in various combina- 
tions. An atomic attack might be launched 


simultaneously or followed immediately with a 
chemical attack and a biological attack. So we 





must be prepared to protect ourselves from 
all types of attacks at once. This is a big 
order, but fortunately some of the protective 
measures are the same or similar for all 
three types of warfare. If we are prepared for 
all types of warfare, the element of surprise 
is considerably reduced and the chances of our 
being caught with inadequate defenses is con- 
siderably lessened. 

Defense against ABC warfare attack is both 
an individual and a group responsibility. What 
an individual does before, during, and after am 
ABC warfare attack will affect both his o 
and his activity's chances of survival. Indi- 
vidual protection involves those things you do 
to keep yourself from becoming a casualty; 
group protection involves those things which 
are intended to keep an activity'sfunctions and 
facilities as intact as possible. Individual pro- 
tection is concerned with detection of agents, 


Figure 1-2.—Fireball of "Operation Ivy's" H-bomb would have engulfed one-fourth 
of the entire island of Manhattan. 
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-first aid, and self-aid, and such measures as 
: the proper use ofthe protective mask and cloth- 
ting, the use of atropine injections, and other 
‘counteracting medicants, and personal decon- 
‘tamination. Group measures are concerned 
nwith setting the proper material conditions 
(ship's closures), detection of agents, isolation 
« of contaminated areas, and decontamination and 
restoration of the ship, station and equipment. 
X Ina military situation all effort is bent 
towardquick recovery of the essential functions 
t: of the activity so that it can carry out its mis- 
5sion. Naval personnel will do whatever is nec- 
2 essary to resume their assigned duties, to help 
u other personnel to resume their duties, and to 
said the recovery of the activity. Protection 
Land recovery of the activity are the most im- 
zportant obligations of all naval personnel. 
Ir Ina civilian situation, self-aid and first aid 
rare the most important obligations. The re- 
covery of many civilian functions can be de- 
layed until personnel have been given all the 
help that is needed. This means that the medi- 
cal facilities and any other facilities which 
might contribute to the saving of lives must be 
given the highest protective priority. In the 
military situation the fighting facilities have 
the highest priority. 
This book is intended to help enlisted per- 
sonnel before, during and after an ABC attack. 
Overall, this training manual attempts to 


answer two basic questions about ABC war- 
fare—what is it—and how can you defend your- 
self against it. Chapters 2 and 3 explain the 
nature of ABC warfare and its effects. Chap- 
ters 4, 5, and 6 describe the methods for 
detection and identification of ABC warfare 
agents, individual and group protection, and 
protective equipment and its use. Chapter 7 
gives the decontamination methods, agents and 
equipment. And finally chapter 8 describes 
some of the administrative tools used in pre- 
paring for an ABC attack. 


OTHER USEFUL REFERENCES 


This Navy Training Course gives you some 
basic information on ABC Warfare Defense. 
Additional information can be found in the 
following publications and references: 


ABC Warfare Defense Ashore. . . TP-PL-2 


Passive Defense. ....... Nav Pers 10899 
The Effects of Nuclear 

Weapons.......... ... DOD-AEC 
Bureau of Ships Technical 

Manual. ....... Chapter 90, Section 1 
ABC Warfare Pocket 

Reference Card ....... NavPers 2778 


CHAPTER 2 
THE NATURE OF ATOMIC (NUCLEAR) WARFARE 


INTRODUCTION 


À primary objective in any kind of warfare 
is to reduce the enemy tosuch a condition that 
he can nolonger continuetofight. The destruc- 
tion or immobilization of his war machines and 
fighting forces, his industrial centers, and his 
centers of population are all factors in the 
achievement of this objective. The means by 
which targets are destroyed or casualties are 
produced may vary with the circumstances or 
with the strategy and tactics required by a 
particular situation. Atomic, biological and 
chemical weapons are some of these means. 
Atomic warfare involves the use of the princi- 
ples of nuclear fission and fusion to produce 
explosions. Nuclear explosions may be 
achieved with bombs or with warheads in guided 
missiles, torpedoes, rockets and similar re- 
mote control weapons. This chapter will be 
concerned with the basic science of atomic 
warfare, the types of nuclear bomb bursts, and 
the effects of nuclear weapons on both mate- 
rials and personnel. 


BASIC SCIENCE OF THE ATOM 


All substances are made up from one or 
more of about 100 different kinds of simple 
materials known as elements. Among the com- 
mon elements are the gases hydrogen, oxygen, 
and nitrogen; the solid nonmetals carbon, 
sulfur, and phosphorus; and various metals, 
such as iron, copper, and zinc. A less familiar 
element, which has attained prominence in 
recent years because of its use as a source of 
atomic (or nuclear) energy, is uranium, nor- 
mally a solid metal. 

The smallest part of any element that can 
exist, while stil] retaining the characteristics 
of the element, is called an atom of that ele- 
ment. Thus, there are atoms of hydrogen, of 
iron, of uranium, and so on, for all the elements. 
The hydrogen atom is the lightest of all atoms, 
whereas the atoms of uranium arethe heaviest 
of those found in nature. Heavier atoms, such 
as those of plutonium, also important for the 
release of atomic energy, have been made 
artificially from uranium. 




















Every atom consists of a relatively heavy 
central region, called a nucleus, surrounde 
by a number of very light particles known a: 
electrons. Further, the atomic nucleus i 
itself made up of a definite number of funda 
mental particles, called protons and neutrons 
These two particles have almost the sam 
mass, but they differ in that the proton carrie: 
a unit charge of positive electricity wherea: 
the neutron, as its name implies, carries n 
electrical charge; that is, it is neutral. Be 
cause of the protons present, the nucleus hag 
a positive electrical charge, but in the normal 
atom this is exactly balanced by the negativ 
charge carried by the electrons surroundin 
the nucleus. If you should remove one or mort 
electrons from a particular atom, there would 
be more protons than electrons and the ATON 
would have a positive charge. Likewise, if you 
should attach one or more electrons to ay 
atom, there would be more electrons th 
protons and the atom would have a negative 
charge. Such atoms are called ions. We wil| 
learn later how ions are used in instruments| 
for the detection of nuclear radiation. 


The essential difference between atoms oi 
different elements lies in the number of pro- 
tons (or positive charges) in the nucleus; this 
is called the "atomic number" of the element. 
Hydrogen atoms, for example, contain only one 
proton, helium atoms have two protons, uranium 
atoms have 92 protons, and plutonium atoms 
94 protons. Although all the nuclei of a given 
element contain the same number of protons, 
they may have different numbers of neutrons. 
These variations in a particular element are 
called "isotopes." For example, ordinary 
hydrogen has one proton and no neutron; how- 
ever, there are two other forms of hydrogen 
atoms, one with one proton and one neutron 
(called deuterium) and one with one proton and 
two neutrons (called tritium). Deuterium and 
tritium are isotopes of hydrogen. All but about 
20 of the elements occur in nature in two or 
more isotopic forms, and many other isotopes, 
which are unstable (radioactive), have been 
obtained in various ways. 
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The particles in the nucleus are held 
-ogether by tremendous forces. There are two 
9)rocesses by whichthe energy within the atom's 
1ucleus can be released—either by fission or 
2y fusion. Nuclear fission is the splitting of 
:he atom of a heavy element, such as uranium 
or plutonium, into two or more lighter atoms. 
Fusion is the fusing together of atoms of alight 

alement toform a heavier element. An example 
Ls the fusion of twoatoms of the hydrogen iso- 
nope, deuterium, to form the nucleus of the 
; 1eavier element, helium. Since nuclear fusion 
ús brought about by means of very hightemper- 
atures, it is called a "thermonuclear" process. 
¿Both processes result in the release of energy 
rand in amounts sufficient to cause an explosion 
rf this release is not controlled. 
s In general, an explosion is the release of a 
Farge amount of energy in a short interval of 
time within a limited space. The liberation of 
‘this energy is accompanied by a considerable 
increase of temperature, so that the products 
if the explosion become extremely hot gases. 
“These gases, at very high temperature and 
“ressure, move outward rapidly. In doing so, 
(hey push away the surrounding medium -—air, 
water, or earth—with great force, thus causing 
;he destructive (blast or shock) effects of the 
‘explosion. The term "blast" is generally used 
Yor the effect in air, because it resembles (and 
is accompanied by) a very strong wind. In 
water or under the ground, however, the effect 
S referred to as "shock," because it is like a 
sudden impact. 


NUCLEAR WEAPONS 


v+ VS In^ 


y Nuclear (atomic) weapons are primarily 
‘designed to cause destruction by blast or shock. 
[n this respect the atomic bomb and the ther- 
monuclear (hydrogen) bomb are similar to but 
immensely more powerful than the ordinary 
Aigh-explosive bombs with which military men 
mave long been familiar. As with TNT weap- 
;ns, the explosion of a nuclear weapon is ac- 
companied by blast. Unlike TNT explosions, 
a nuclear explosion is also accompanied by 
Auclear radiation and intense heat or thermal 
radiation. By means of special weapons it is 
„also possible to use radioactive materials or 
agents to produce casualties, without the heat 
And blast of a nuclear explosion. Such a delib- 
erate contamination of an area with radioac- 
dive materials forthe purpose of contaminating 
personnel or equipment is known as Radio- 
logical Warfare (RW). Destruction, death and 


injury in atomic warfare, then, are caused by 
blast, heat, and nuclear radiation. 


TYPES OF BURSTS 


What happens when a nuclear explosion 
occurs and the protective measures one would 
take are dependent somewhat on the energy 
yield of the weapon and the manner in which it 
is exploded. In military operations a nuclear 
weapon may be exploded in one of four ways: 
in the air, on the surface, underground, or 
underwater. 

An AIR BURST is the explosion of anuclear 
weapon above land or water, at such a height 
that the fireball at maximum brightness does 
NOT touch the earth's surface. For example, 
in the explosion of a 1-megaton weapon (one 
equal to about 1 million tons of TNT) the ball 
of fire may grow until it is nearly 5800 feet 
(1.1 mile) across, at maximum brilliance. 
This means that in the air burst of such a 
weapon the point at which the explosion occurs 
is at least 2900 feet above the earth's surface. 

Although the intensity of the effects of an 
air burst will depend upon the height of the 
explosion as well as the energy yield of the 
weapon, the general phenomena are much the 
same in all cases. Nearly all of the shock 
energy appears as air blast, although if the 
explosion occurs close enough to the surface 
there will also be some ground shock. The 
thermal radiation (heat) will travel large dis- 
tances through the air and will be of sufficient 
intensity to cause moderately severe burns of 
exposed skin as far away as 12 miles froma 
1-megaton bomb explosion, on a fairly clear 
day. The warmth may be felt at a distance of 
75 miles. Of course, for air bursts of higher 
energy yields (2-megatons, 3 megatons, etc.) 
the heat will be felt at even greater distances. 

The initial nuclear radiations from an air 
burst (those given off by the ball of fire and the 
cloud column in the first minute after the ex- 
plosion) will also penetrate a long way in air, 
although the intensity falls off fairly rapidly 
as you get farther away from the explosion. 
Nuclear radiations are not easily absorbed, 
and fairly thicklayers of materials are needed 
to reduce their intensity to harmless propor- 
tions. For example, at a distance of one mile 
from the air burst of a 1-megaton nuclear 
bomb, an individual would probably need the 
protection of about one foot of steel or four 
feet of concrete to be relatively safe from the 
effects of initial nuclear radiations. 
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In a high or moderately high air burst, the 
fission products remaining after the explosion 
(the mixture of substances produced as a re- 
sult of nuclear fission) will be widely scattered. 

Residual nuclear radiations which arise 
from the fission products persist for some 
time, mainly in the fallout, but will be of minor 
consequence on the ground. On the other hand, 
if the burst occurs nearer the earth's surface, 
the fission products may fuse with particles of 
earth, much of which will fall to the ground at 
points close to the explosion. This dirt and 
other debris will be contaminated with radio- 
active material and may be a possible danger 
to personnel. 

A SURFACE BURST is one which occurs 
either at the actual surface of the land or water 
or at any height above the surface such that 
the fireball at maximum brilliance TOUCHES 
the land or water. The energy of the explosion 
will then cause both air blast and ground (or 
water) shock, in varying proportions, depend- 
ing upon the height of the burst point above the 
surface. Upon this will also depend the amounts 
of thermal radiation and initial nuclear radia- 
tions escaping from the ball of fire. The 
residual nuclear radiation can be a significant 
hazard because of the large quantities of con- 
taminated dust or water that result from a 
surface burst. 

A SUBSURFACE burst may occur either 
under ground or under water; if a nuclear ex- 
plosion occurs under such conditions that its 
center is beneath the ground it is described 
as an "underground burst"; if its center is 
under the surface of water, it is called an 
"underwater burst.'' Since some of the general 
effects of these two types of explosions are 
Similar, we can consider them together. 

In a subsurface burst, most of the shock 
energy of the explosionappears as underground 
or underwater shock, but a certain proportion 
escapes and produces air blast; the greater 
the depth of the burst, the less air blast. Much 
of the thermal radiation and of the initial 
nuclear radiations will be absorbed within a 
short distance of the explosion. The energy of 
the absorbed radiations will merely contribute 
to the heating of the ground or body of water 
and to its contamination. Depending upon the 
depth of the explosion, some of the thermal and 
nuclear radiations will escape, but the intensi- 
ties will be less than for an air burst. How- 
ever, the residual nuclear radiations now be- 
come of considerable significance, since large 
quantities of earth or water in the vicinity of 


the explosion will be contaminated with radi 
active fission products. This residual radi 
tion may extend over a very large area if 

wind carries the radioactive dust and wate 


CHARACTERISTICS OF NUCLEAR 
EXPLOSIONS 


In discussing the general effects of nuclea 
weapons it is necessary to use some standar: 
typical weapon with whichwe have had experi 
ence. Since we have the most data on effect 
from the bombs dropped on Japan, we will us 
those bombs as our typical weapon. Thes 
bombs released energy approximately equal 
the energy which would be released by the e: 
plosion of 20,000 tons (20 kilotons or 20 kt 
of TNT. | 

In the explosion of a 20 kt. atomic bomb: 
the air, the following events occur. Immed. 
ately there is visible a ball of fire, which a; 
pears many times brighter than the sun 4 
noon. As it cools the ball of fire increases | 
size and becomes less bright (fig. 2-1). At th 
same time it rises, like a hot-air balloon, a: 
reaches its maximum size—about 1550 feet: 
diameter —about one second after the explosio: 
(For comparison, with a one MEGATON hydr: 
gen bomb the fireball reaches a maximum si: 
of about 7200 feetin 10 seconds.) Whilethe b 
of fireis still visible, the temperature, at lea: 
in the interior, is so highthat all the substance 
present are in the form of vapor. As the ter 
perature falls, the vapor will condense to for 
a cloud. Depending on the height of the aj 
burst and on the nature of the terrain, a stro: 
updraft with inflowing winds will occur in ti 
immediate vicinity (fig. 2-2). These, togeth: 
with the air blast created by the explosion, wi 
suck up dust and other debris from the earth 
surface, forming an expanding and rising col 
umn of smoke. This column consists of ver 
small radioactive particles of the fission prod 
ucts, of "leftover" fissionable material, of dus: 
and, if the air is moist, of drops of water. 

The rate at which this. smoke column o 
cloud rises varies with the weather conditio 
and with the energy yield of the bomb. Gen 
erally, with a 20 kt. bomb, it will reach 
height of 1 mile in 20 seconds, 2 miles in 5 
seconds, and 3 miles in a little over 1-1/5 
minutes. When the cloud reaches the base o 
the stratosphere, 5 to 8 miles above the earth 
it stops rising and the top of the cloud spread: 
out, forming into the well-known mushroom: 
Shaped cloud. This is what you SEE. (With: 
megaton bomb, the cloud rises over 10 miles. 
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Figure 2-1.—Fireball diameters of various atomic bombs. 


In addition you might FEEL the terrible 
blast which moves out from the point of explo- 
sion in all directions and the heat given off by 
the explosion. You can neither SEE nor FEEL 
the nuclear radiation which is given off at the 
time of the explosion and which is absorbed in 
the air, in the dust, and in any drops of water 
in the vicinity of the burst, or by you, if you 
are exposed to it. 

In a surface burst there will still be the 
blast, heat, and nuclear radiation, but the 
effects will differ in degree from an air burst. 
For instance, the heat developed will be almost 
the same, but since thermal radiation travels 
in a straight line, it will be easier to find 
shelter behind a building, a wall, a hill or any 
number of objects between you and the point of 
explosion and so the danger from burns is less. 
In a surface burst, the overall destruction by 
blast is somewhat lessened because part of the 
shock is absorbed by the ground and part of the 
energy is used up vaporizing the materials on 
the surface and in forming a crater. The tar- 
gets close to ground zero would be completely 
destroyed, but the effect of the blast would not 
be as great farther out as for an air burst. 
There will be more nuclear radiation danger 
from falling radioactive dust, since there would 


be more dust sucked up in the cloud from a 
surface burst. Radioactive dust and drops of 
water which fall back to the earth after the 
explosion are known as FALLOUT. 

A nuclear explosion occurring beneath the 
surface of the ground or the sea will differ 
markedly from an air burst. For a subsurface 
burst, the overall damage due to air blast will 
be less and the hazards due to immediate 
nuclear and thermal radiation will be virtually 
nonexistent. On the other hand, the damage 


. due to underground or underwater shock will 


be greater and so will the residual radioac- 
tivity. 

Underwater bursts may be divided into two 
classes: (1) the shallow burst, such as might 
occur in harbor areas; and (2) the deep burst. 
It is believed that, with the exception of piers 
and breakwaters, little damage would result 
to harbor or shore installations as a result of 
a deep underwater explosion; that is, 1000 or 
more feet. This, of course, would depend upon 
the yield (size) of the weapon exploded. The 
nature and extent of damage to ships from 
underwater shock will depend upon the type of 
ship, depth of the burst, yield of the bomb, 
whether the ship is operating or riding at 
anchor, whether the ship presents a broadside, 
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Figure 2-2.-Blast effect of a nuclear explosion; pressure phase and suction phase. 
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» he bow or the stern with respect to the position 
of the explosion, and of course, the distance 
oetween the ship and the explosion. 


DAMAGE ZONES 


Unless distorted by other factors, the blast 
damage following a nuclear explosion is ordi- 
narily confined to a circular area around 
zround zero, the point vertically below or above 
the center of a burst of a nuclear weapon. As 

: Shown infigure 2-3; thefour general areas are 

‘designated as A, B, C, and D zones or rings. 

| Within these areas are varying degrees of 
destruction. 

The A zone of damage is the central area 
immediately surrounding ground zero. This 
area is usually one of total destruction. Here, 

. neither personnel nor ordinary buildings have 
much chance of survival. Outside this area is 
the B zone which is a large belt of heavy dam- 
age. This zone is about three times as large 
as zone A. In this area personnel injuries and 
Structural damage would be severe, but not 
complete. The C zoneis a still larger circular 
belt of lesser damage surrounding the B zone. 
Injuries to personnel and physical damage in 
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this area would range from moderate to light. 
In the outer or D zone, damage would be light, 
while beyond this zone, little or no damage 
would be sustained. Table 2-1 shows the 


ZONE A 


o -4—— — Ground Zero 
Total 


Destruction 


ZONE C 
Moderate Damage 





ZONE D 
Partial or Light Damage 
— JU 


Figure 2-3.—Zones of destruction. 


TABLE 2-1.—Degrees of Damage to Equipment as a Result of Blast from an Air Burst. 


— 


Airplane Severe damage.| Severe damage. | Moderate 
damage. 


Zone D 


Moderate to 
light dam- 
age e. 





Artillery |Severe to mod- | Moderate dam- | Light dam- | Light or no 
erate damage.| age. age. damage. 
Generator |Severe damage.| Moderate dam- | Moderate to | Light damage. 
e light dam- 
age. 


Radar 
Radio 


Heavy 
construc-| erate damage. 
tion age. 
equip- 
ment 

Vehicle 


able. 





age 
Motor Severe damage.| Moderate dam- | Moderate to | Light damage. 
age. light dam- 
age. | 
Severe damage.| Severe damage. | Moderate Light damage. 
damage. 
Severe damage.| Severe damage.| Moderate Light damage. 
damage. 


Severe to mod- | Moderate to 
light dam- 


Light dam- | Light or no 
age. damage. 


Severe damage | Moderate dam- | Some un- Most vehicles 
even to heavy | age but gen- usable. usable. 
vehicles. erally unus- 
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Figure 2-4.—Heavy electrical equipment 7700 feet from ground zero survived 20 kt. atomic explosion (Japon). | 


degrees of damage to equipment that can be 
expected in each of the zones as a result of 
blast from an air burst. 


EFFECTS ON MATERIAL 


The damage to buildings, ships, and equip- 
ment that results from a nuclear explosion is 
due to two main causes: (1) Blast and shock; 
(2) heat and fire. Neither the immediate 
nuclear radiation nor the radioactivity that 
might linger after an explosion produces any 
mechanical destruction, although radiation 
from the contamination may make it hazardous 
for personnel to remain in a buildingor to op- 
erate equipment for some time (fig. 2-4). In 
general, however, buildings, ships, and equip- 
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ment will be "knocked-out'" by a combination} 
of blast, shock, heat, and fire. 


Actual physical damage to structures and 
equipment on land will be primarily due to air 
blast and ground shock, with fire as a second- 
ary development. Figure 2-5 givesthe damage 
ranges for a 20 kiloton (20,000 tons) and a 1 
megaton (one million tons) typical air burst. 


In the case of an underground or an under- 
water burst, the fallout would be very great 
Since the cloud would contain huge quantities 
of radioactive dirt or water. Therefore, there 
would be more danger from nuclear radiation 
in the area contaminated by this fallout. The 
thermal radiationor heat from an underground 
or underwater burst is of little concern since 
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20 KT Air Burst 


Light damage to window frames and 
doors; moderate plaster damage out 
to about 4 miles; glass breakage pos- 
sible out to 8 miles. 


Oil storage tanks, filled : slight dam- 
age. 


Wood frame houses : moderate dam- 
age. 


Fine kindling fuels : ignited. 

Radio and TV transmitting towers: 
slight damage. 

Smokestacks : slight damage. 


Light steel frame industrial buildings, 
light walls : moderate damage. 
Wood frame houses : severe damage. 


Motor vehicles : slight damage. 
Radio and TV transmitting towers: 
moderate damage. 


Medium steel frame industrial build- 
ings, light walls : moderate damage. 
Telephone and power lines : limit of 
significant damage. 


Wood frame houses : destroyed. 
Highway and R.R. truss bridges: slight 
damage. 

Wall bearing, brick (apartment house 
type) buildings : moderate damage. 


Steel frame, light walls (office type) 
buildings : moderate damage. 


Reinforced concrete frame and walls, 
multistory structures : moderate 
damage. 

Wall bearing, brick (apartment house 
type) buildings : severe damage. 


Reinforced concrete frame building, 
light walls : moderate damage. 
Highway and R. R. truss bridges: 
moderate damage. 


Medium steel frame industrial build- 
ings, light walls : severe damage. 
Reinforced concrete frame and walls, 
multistory structures : severe dam- 
age. 

Massive wall bearing, multistory 
structures : moderate damage. 
Motor vehicles : moderate damage. 


Steel frame, light walls (office type) 
buildings : severe damage. 

Oil storage tanks, filed: severe 
damage. 


Motor vehicles : severe damage. 


Reinforced concrete, blast resistant, 
windowless structures : moderate 
damage. 

All other (above ground) structures : 
severely damaged or destroyed. 


Ground zero for 20-kiloton air burst. 


Miles 
from 
Ground 
Zero 


10- 


4- 


3- 


0- 


1 MT Air Burst 


Light damage to window frames and 
doors; moderate plaster damage out 
to about 15 miles; glass breakage 
possible out to 30 miles. 


Oil storage tanks, filled : slight dam- 
age. 


Fine kindling fuels : ignited. 


Wood frame houses : moderate dam- 
age. 

Radio and TV transmitting towers : 
slight damage. 


Smokestacks : slight damage. 


Light steelframe industrial buildings, 
light walls : moderate damage. 
Motor vehicles : slight damage. 
Radio and TV transmitting towers: 
moderate damage. 

Wood frame houses : severe damage. 


Medium steel frame industrial build- 
ings, light walls : moderate damage. 
Telephone and power lines : limit of 
significant damage. 


Highway and R.R. truss bridges: 
slight damage. 

Steel frame, light walls (office type) 
buildings : moderate damage. 

Wood frame houses : destroyed. 

Wall bearing, brick (apartment house 
type) buildings : moderate damage. 


Reinforced concrete frame and walls, 
multistory structures : moderate 
damage. 

Wall bearing, brick (apartment house 
type) buildings : severe damage. 
Reinforced concrete frame buildings, 
light walls : moderate damage. 
Highway and R. R. truss bridges: 
moderate damage. 

Medium steel frame industrial build- 
ings, light walls : severe damage. 
Reinforced concrete frame and walls, 
multistory structures : severe dam- 
age. 

Massive wall bearing, multistory 
structures : moderate damage. 

Steel frame, light walls (office type) 
buildings : severe damage. 

Motor vehicles : moderate damage. 


Oil storage tanks, filled : severedam- 
age. 


Motor vehicles : severe damage. 


Reinforced concrete, blast resistant, 
windowless structures : moderate 
damage. 

All other (above ground) structures : 
severely damaged or destroyed. 


Ground zero for l-megaton air burst. 


Figure 2-5. -Damage ranges for 20 kt. and 1 mt. typical air bursts. 
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it would be almost completely absorbed by the 
earth or water immediately surrounding the 
point of explosion. 

The effects of blast in an underground or 
underwater burst would be greater only at the 
point of explosion for the shock wave travels 
faster but not as far in ground and water. In 
an underground burst, the blast creates a mild 
earthquake, the force of which will depend 
somewhat onthe type of soil. If there are con- 
siderable rock layers near the point of explo- 
sion the earthquake effect will be felt over a 
greater area. 

An underground or underwater burst has 
one characteristic which is not foundin the air 
burst but which may occur with a surface burst. 
At the base of the cloud column a mass of dust 
or water rolls out in great waves. This mass 
is called a BASE SURGE. The dust particles 
or drops of water making up a base surge are 
very radioactive, and the areas over which a 
base surge rolls become dangerous due to the 
nuclear radiation. These types of bursts are 
called contaminating bursts since both the base 
surge and the fallout spreadradioactive mate- 
rials. 

In addition to these main causes of damage 
there are certain minor causes. In a subsur- 
face explosion large amounts of water or dirt 
and other debris will be hurledupward and will 
subsequently descend on ships or buildings. 
Such masses of water or debris are capable 
of causing much damage. However, the range 
within which SERIOUS damage fromthis fallout 
couldoccur is also the range within which com- 
plete destruction of the target from shock and 
blast would occur. 

In an underwater burst, another possible 
Source of damage isthe wave formation. Water 
waves produced by a nuclear explosion can be 
of considerable height. Depending on the loca- 
tion and relative heading of a ship, these waves 
can sweep over topside, flooding or even cap- 
sizing a vessel. In any case, a ship is likely 
to pitch, roll, or swing violently. The effects 
will be similar to those from waves of natural 
origin. 


Blast Effects 


The chief and most important effects of a 
nuclear explosion arethose caused by the blast. 
The ability of a building to withstand blast 
depends primarily on its strength and, to a 
lesser degree, on its shape and on the number 
of openings which can serve to relieve the 
pressure on the outside walls. The strength 
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is determined mainly by the type of construc 
tion. 

The effect of shape is notvery marked sin 
most buildings are rectangular in form. 
long, narrow structure will be more resist 
to blast striking it on the narrow end than 
the side. However, if struck on the side, 
rectangular building would probably suffe 
more damage than a square one. 

The effect of shape is more evident in suc 
structures as smokestacks (fig. 2-6). Pres: 
sures equalize rapidly around them, whic 
makes them surprisingly resistant to blas: 
They often remain standing when adjoinin. 
structures are leveled to the ground. On tk, 
other hand, flat surfaces such as windows ar. 
doors in an extensive wall, will tend to giv 
way very easily. | 

The rapid failure of window panes, lig: 
siding, and other flat, weak portions ofa struc 
ture is often advantageous. When such failur 
occurs in avery short space of time, the pres 
sure inside and the pressure outside will ter: 
toequalize. This reduces the destructive effec 
of the blast on the structure as a whole. 

In an air burst, the blast striking a buildir: 
near ground zero will be almost vertical; (fic 
2-7) roof failures will be common. Farthe: 
away the pressure will be largely on tk: 
walls. 

At ground zero there would be little possi 
bility of a building being shielded by any featur: 
of the terrain, such as a hill, because the bla: 
is coming from a point almost directly abov: 
it. But at some distance from ground zerc 
hills that are relatively high and very near th: 
building can provide partial shelter. (See fig- 
ure 2-8.) 

For moderately shallow underwater o 
underground bursts of a 20 kt. bomb, about: 
quarter of the bomb's energy would appear a: 
air blast. The range of damage from grount 
zero would be about half of that from an air 
burst. The overall destruction near grounc 
zero will be much greater for an undergrounc 
burst than for an air burst. In addition, many 
structures located underground, such as sub- 
ways, and strong structures located on the 
surface near ground zero, which would with- 
stand the effects of an air burst, will be more 
seriously affected by anunderground explosion. 

Reinforced concrete and heavy steel-frame 
buildings are the most resistant to blast (fig. 
2-9). Heavily constructed masonry buildings 
stand up well, but light masonry and brick 
structures offer little resistance and debris, 
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Figure 2-6.—-Shape makes smokestacks — resistant to blast (Japan). 


including window glass, from such buildings 
provide missiles which could injure persons in 
the vicinity. Wooden buildings offer 
the least resistance and will either collapse 
quickly or, if beyond the range of severe de- 
struction, will suffer damage to roofs, wall 
panels, and interior partitions (fig. 2-12). 
| Bridges, highways, and railroads are generally 
resistant. 
| Ships as a whole are remarkably resistant 
to blast damage. This is understandable when 
you consider that a good portion of the topside 
area of a combatant ship is built to withstand 
blast from the firing of its own guns. The hull 
proper is required to withstand the impact of 
waves, as are portions of the superstructure. 
Furthermore, many important stations are 
protected by armor or splinter shields, which 
are strongly built. 
The design and the materials used in the 





suffer no appreciable damage. Air blast dam- 
age will primarily be inflicted on the super- 
Structure and the hull above the waterline (fig. 
2-14). It can also rupture boiler casings 
through the combustion air and gas passages, 
and can cause damage through air intakes and 
open hatchways. 

Aircraft are designed towithstand thegreat 
stresses and loads experienced under actual 
flight conditions. Because of the nature of their 
mission, the smaller fighter-type planes, jet 
fighters in particular, are designed for high 
loads and accelerations with a minimum of 
surface area. Such aircraft will be much less 
susceptible to blast damage than the larger 
aircraft such as bombers and cargo planes 
with their greater surface area. Aircraft in 
flight normally will be above the altitude at 
which they might get some effects from the 
shock waves that are reflected from the ground. 


construction of a ship are such that it can stand 
considerable stresses andstrains. In addition, 
the ship is floating in water and can give as a 
whole (by rolling or pitching) without being 
damaged by this motion. 

| The heading of the ship and its shape will 
both have considerable influence on damage. 
For example, a ship headed either toward or 
away from the blast will be damaged less than 
one which presents a broadside to the blast, 
and the more streamlined the ship, the better 
(fig. 2-13). 

The nature of the specific parts of ships 
and of the equipment on board will determine 
the effects that an atomic blast will have on 
them. Some will probably be broken, bent, or 
twisted out of shape by the blast. Others will 
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Consequently, the radius of damage due to air 
blast should be significantly less than for air- 
craft parked on the ground. 


Underwater Shock 


Underwater shock from a nuclear burst is 
similar to that resulting from a depth charge, 
but the damage range for the nuclear burst is 
far greater. Shock can inflict damage to ships 
at a distance of several miles, depending pri- 
marily on the yield of the weapon and the depth 
of the burst. 

Hull damage will occur in the form of dished 
and ruptured plating and damaged supporting 
structures. Ruptured plating may result in 
widespread leaks and flooding. 
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Figure 2-7.—Reinforced concrete structure less than 500 feet from ground zero (Japan). 
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REGION PARTIALLY SHELTERED FROM BLAST 


Figure 2-8.—At some distance from ground zero, a hill 
provides partial shelter from blast due to an air burst. 
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The shock wave is transmitted to the ship's 
equipment causing further damage. Light 
equipment may be tossed about causing dam- 
ageto other equipment and injury to personnel, 
Supporting members of such heavy components 
as engines and boilers may collapse or become 
distorted. Engineering piping systems, shaft- 
ing, and boiler brickwork are especially sensi- 
tive to shock. 


Thermal Radiation Effects 
Heat and fire are another main cause of 


damage to structures and equipment due tothe 
explosion of a nuclear weapon. The thermal 
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Figure 2-9.—Heavily framed steel and reinforced concrete structures survived atomic explosion in Japan. 


radiation accompanying an air burst strikes 
everything within several miles that is not 
shielded. The range will depend on the weapon 
yield and atmospheric conditions. 

When thermal radiation hits an exposed 
surface, it is partially absorbed and is imme- 
diately converted into heat. Because nearly 
all the radiant energy from an atomic explosion 
is delivered in less than three seconds, there 
is not sufficient time for the heat to spread 
from the surface into the body of the exposed 
object or material. Consequently, the thermal 
radiation from an atomic bomb causes excep- 
tionally high surface temperatures. 

Due to these high temperatures, many sub- 
stances will scorch, char, or even burst into 
flame. The actual effect will depend on the 
color and nature of the material and the amount 
of radiant heat received. Typical products 
which are easily charred or burned are paper, 
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wood, cloth, rubber, paint, and asphalt. Dark 
colored or dark painted materials absorb a 
larger proportion of the thermal radiation and 
so will char or burn more easily than those 
having light color. The extent of the damage 
depends on the nature and color of the mate- 
rial. Textiles of various kinds are sensitive: 
nylon melts fairly easily; other fibers burn. 
Cotton materials, cotton twill in particular, 
seem to be relatively resistant to heat. Loosely 
gathered materials, such as piles of paper or 
rags, thin black draperies and curtains, and 
canvas tarpaulins may be set afire by the radi- 
ant heat from the bomb. Dry vegetation, such 
as dry grass or stubble, may also be ignited. 

Material which is shielded from the blast 
by atransparent substance, such asglass, may 
catch fire and may well continue to burn, for 
the heat will pass through the glass, but the 
wind may not. 
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Fires accompanying an atomic explosion 
may be classed as primary or secondary, ac- 
cording to their origin. Primary fires are 
those caused directly by the thermal radiation 
igniting such materials as paper, thin cloth, 
rags, wood, and dry vegetation. Secondary 
fires are due to other causes, for which the 
blast is mainly responsible, such as upset 
stoves and furnaces, broken gas and other fuel 
lines, and electrical short circuits, The evi- 
dence from Hiroshima and Nagasaki indicated 
that the great majority of fires were secondary 
in nature. 

No matter what the immediate cause, an 
atomic air burst over a built-up area will re- 
sult in many fires burning simultaneously and 
over a wide area. Once the fires have started, 
the chances of their spreading will depend on 
the combustibility and closeness of the build- 
ings, the nature of the terrain, the weather 
conditions at the time of the attack, and the 
adequacy of the defense. Inany event, by break- 
ing glass windows and blowing in or damaging 
doors at stairways and elevators, and in fire- 
wall openings, the blast will make the interior 
of the building very vulnerable to the spread 
of fire. Burning debris, blown or blasted 
through the air, can enter through windows, 
doors and roofs and cause the fire to spread 
from one structure to another. 


Figure 2-10.—Ruins of shed-type industrial buildings in Nagasaki, Japan. 
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Whena large area is burning simultaneously; 
the phenomenon known as "fire storm" may 
develop (fig. 2-16). As a result of the huge 
masses of hot air and gases rising from the 
fire, air is sucked in with great force. Strong 
winds consequently blow from outside toward 
the center of the area on fire. The effect ig 
similar to the draft that sucks up a chimney | 
under which a fire is burning, except that it is 
on a much larger scale. 

It should be understood that (1) a fire storm 
does NOT ALWAYS accompany a nuclear explo- 
sion, and (2) it COULD occur withfires result- 
ing from other causes such as incendiary 
attacks or forest fires. 

In a subsurface burst, either underwater or 
underground, the thermal radiation from the 
exploding bomb will be absorbed almost en- 
tirely in the water or by the earth. However, 
as in the case of an air burst, secondary fires 
may occur. The rupture of underground gas 
mains will probably cause fires in a built-up 
area. On the whole, the fire hazard in an 
underground explosion will be similar to that 
after an earthquake. 

The effective range of thethermal radiation 
accompanying a surface explosion will depend 
on the nature of the terrain. In open terrain 
or at sea, where there is no protection from 
the radiant heat, the damage ranges will be 
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Figure 2-11.-Blast damage to a 2-story steel-frame structure (Ist story collapsed). 


greater than those in a built-up area, where a 
large proportion of the radiation will be ob- 
structed and will not reach too far. 

Even though few fires may be started by the 
RADIANT heat from a surface burst, there 
will be many of the secondary type due indi- 
rectly to blast damage. 

Since the initiation and spread of fires de- 
pends on such circumstances as the type of 
buildings and their contents, weather condi- 
tions, and the nature of the terrain, the fire 
damage range ashore will vary greatly. How- 
ever, it may be expected, in general, that fire 
will spread to all structures which have 
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suffered at least moderate blast or shock 
damage. 


Reinforced concrete buildings are the most 
fire resistant, for the concrete protects the 
steel structural members from the heat. How- 
ever, if the contents of the buildings are com- 
bustible and continue to burn intensely for some 
hours, the concrete can crumble and expose the 
reinforcing steel. This may then be weakened 
by the heat and the building may collapse. 


Because the strength of the steel members 
decreases markedly at moderately high tem- 
peratures, steel-frame buildings of all types 
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Figure 2-12.—Blast damage to wooden frame building 7600 feet from ground zero (Japan). 


are susceptible to serious structural damage 
by fire. 

Brick and masonry buildings with loadbear - 
ing walls, if close enough to ground zero, may 
be destroyed by the blast, and the question of 
structural damage by fire, then, is not impor- 
tant. However, fire can contribute to the dam- 
age independently, by weakening the remaining 
supports and thus contributing to the collapse 
of the building, and can add to the overall de- 
struction by consuming the contents. 

Wooden buildings are obviously susceptible 
to destruction by fire. 

In zones of heavy damage, the fuel tanks of 
vehicles may rupture and the ignition of the 
gasoline may cause much fire damage. Ther- 
mal radiation may cause superficial damage to 


tires, paint and upholstery, but it will not ignite 
gasoline unle$s the tankis ruptured (fig. 2-17). 

The Bikini tests indicated that thermal radi- 
ation would not be an appreciable factor in 
producing damage at sea, since the exposed 
portions of naval vessels are practically fire- 
proof. However, this does not exclude the 
possibility of secondary fires involving such 
combustibles as gasoline or explosives where 
there has been extensive blast damage. 


Nuclear Radiation Effects 


Nuclear radiations given off during a nuclear 
explosion basically consist of four types, alpha 
particles, beta particles, gamma rays, and 
neutrons. Alpha particles, relatively speaking, 
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Figure 2-13. — The Japanese cruiser Sakawa after test at Bikini. 


are so large that they cannot travel more than 
one to three inches in air without being stopped, 
and they certainly cannot penetrate ordinary 
clothing. 

Beta particles travel several hundred times 


farther than alpha particles, but even with their 


greater speed they cannot penetrate a sheet of 
aluminum more than a few millimeters in thick- 
ness. 

Gamma rays are a formof electromagnetic 
radiation, very much like light rays or X-rays. 


Gamma rays move at the speed of light, 186,000 : 


miles per second, and differ from light only in 
having a much higher frequency. 
Neutrons are electrically neutral particles 


which can penetrate a considerable distance 


< 
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through air and which cause injury to human 
beings similar to that of gamma rays. Gamma 
rays and neutrons have the greatest PENE- 
TRATING power of the four forms of nuclear 
radiation. To stop gamma rays and neutrons 
from a nuclear explosion, it is necessary to 
use concrete or damp earth several feet in 
thickness. So your greatest radiation danger 
is from the gamma andneutron radiation. Alpha 
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and beta radiation danger is slight unless some 
of the alpha and beta emitters manage to enter 
the body through any of the body openings, such 
as the mouth or the nose, or through open 
wounds. 

Nuclear radiations do not affect most mate- 
rialsin any visible manner. Thus the essential 
value of any equipment (ship, vehicle, electronic 
equipment) is not impaired by this effect. 
Radioactive CONTAMINATION may be a danger 
to operating personnel, however. The term 
CONTAMINATION is used to mean radioactive 
material which has been deposited in a location 
where it is not desired; it is material that 
"dirties" an object or area. All radioactive 
contamination gives off nuclear radiations, but 
all nuclear radiations do not necessarily come 
from radioactive contamination. So keep in 
mind the fact that the absence of contamination 
does NOT necessarily mean that you are safe 
from nuclear radiation. 

There are two possible sources of radioac- 
tive contamination inan atomic air burst; first, 
the neutrons that are flying about during the 
explosion could cause material close to the 
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Figure 2-14.—F light deck of carrier Independence looking aft from the island after test at Bikini. In this case, the 
blast pressure entered the hangar deck from the side, through rupturing of side curtains. Consequently the flight deck 
was bulged upwards whereas the hangar deck below was dished downwards. 
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Figure 2-16.—Within the “fire area” practically everything combustible was destroyed (Japan). 


burst to become radioactive; and second, the 
residue from the bomb, the products of the 
fission, and the uranium or plutonium that did 
not fission, will be present as radioactive dust 
in the cloud and the fallout. 

The fallout from an air burst will be less 
hazardous than that from a surface or subsur- 
face burst. In the surface burst of an H-bomb, 
for example, the cloud rises rapidly and spreads 
over hundreds of square miles inthe first hours. 
The prevailing winds carry the radioactive 
particles along and although they lose some of 
their radioactivity while still in the air, they 
can still be dangerously radioactive when they 
eventually reach the ground. 

In an underwater burst, structures and 
equipment may become contaminated due to 
the radioactive particles that would be deposited 
by the base surge and the water fallout. This 
type of contamination of a vessel or shore 
activity is serious chiefly because the radio- 
logical hazard to personnel may make its op- 
eration temporarily dangerous. 

The degree to which a particular material 
or object will become contaminated depends 
on many variables that cannot be predicted in 


advance. Nevertheless, two factors have an 
important bearing on the problems of contami- 
nation and decontamination. First, a material 
witha rough finish is more susceptible to con- 
tamination than a smooth one because the rough 
finish will give the particles more surface 
area to which they can stick. Second, if the 
material is porous, the radioactive particles 
can penetrate under the surface and thus be- 
come difficult to remove. 

Well-painted surfaces are smooth and non- 
porous and consequently are less susceptible 
to contamination. If the painted surface is 
worn or weathered, however, it becomes rela- 
tively rough and porous and radioactive parti- 
cles can then penetrate more deeply into the 
material. Similarly, clean, smooth metal sur- 
faces are not easily contaminated, but metals 
are likely to corrode and the corroded parts 
collect the contamination. Thus, rusty spots 
on metals, places where paint is chipped, 
cracked or roughened, and worn surfaces of 
wood are all areas which will become con- 
taminated. Articles made of porous materials, 
such as manila line, nets and canvas, are es- 
pecially susceptible to contamination. 
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Figure 2-17.-Ammunition is not as vulnerable to heat as might be expected (ordnance works in Japan). 


Concrete, unglazed brick, unpainted wood 
and asphalt are porous, and buildings or roads 
constructed of these materials are very sus- 
ceptible to contamination. Weathering and 
wearing will make it even easier for the parti- 
cles to stick to these surfaces. 

The extent of radioactive contamination of 
a ship will depend on certain external and so- 
called internal circumstances. Among the 
external circumstances which will have some 
effect are the distance of the ship from surface 
zero and the amount of time it spends in the 
base surge. The internal circumstances involve 
the securing of the ship against atomic attack. 
If the weather envelope of the ship is intact, 
with all openings secured, and the ventilation 
system has been shut down while passing 
through the base surge, there should be little 
CONTAMINATION below decks, but not nec- 
essarily little nuclear radiation. If the inten- 
sity of radiation in either the base surge or 
the fallout is sufficiently high, even the steel 
decks and bulkheads may not reduce it to an 
acceptable level. If the base surge should get 
into the interior of the vessel, especially 
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through the ventilation system, the conse- 
quences could be serious. 

A secondary factor in determining the extent 
of contamination topside is the amount of cover 
available. In its early stages, the base surge 
isa mist or fog which moves outward and which 
can envelop everything in its path. However, 
radioactive fallout and rain descend vertically, 
andobjects and equipment protected from above 
will thus be somewhat less contaminated than 
those having no protection, or which are pro- 
tected from the sides only. 

The water fromthe fallout and rain will con- 
tinue after the base surge has thinned out and 
willcover all topside surfaces. If thereis good 
drainage, a large proportion may run off the 
vessel and carry away some of the radioactive 
particles. If any of this water penetrates below 
decks, it will, of course, contaminate the in- 
terior of the ship. 

Water waves which might wash over ships 
will probably tend to decrease the contamina- 
tion rather than increase it. This water will 
be considerably less radioactive than the water 
from the base surge or fallout and therefore it 
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will wash away much oí the contamination 
already deposited. A good part of the contami- 
nation from the base surge and fallout will be 
deposited after the waves have washed over 
the ship. Since the surface is wet prior to 
contamination, the radioactive particles will 
not stick as firmly as they would to a dry sur- 
face. Thus the waves produced by an under- 
water explosion may help to reduce the amount 
of contamination. 

The radiological effects of an underground 
burst will be similar, in many respects, to 
those of anunderwater explosion. A base surge 
of dust particles, if formed, will contaminate 
everything in its path. 

Although the contamination due to fallout 
will be very great in and around the crater 
area, all structures and equipment in this 
region will already be made useless by the 
blast and the thermal radiation, so the radio- 
active contamination will not be of immediate 
concern. You will not be able to go into the 
crater region for days. Surveys must be made 
to determine how soon and for how long such 
an area may be occupied and also how far into 
an area survey parties can penetrate. 

While many of the finer dust particles will 
remain in the air for some time, the larger 
ones in the fallout will descend and contaminate 
the area near the explosion center. Since the 
particles can be carried by wind, the total area 
covered bythe fallout from anunderground ex- 
plosion may be greater—hundreds of miles— 
than for an underwater explosion. 

There is little difference between the con- 
tamination by the base surge and fallout from 
an underwater explosion and that from an 
underground explosion. The only important 
variation is that while contaminated water will 
drain from higher to lower regions, and may 
in some cases largely drain away altogether, 
contaminated dust will tend to stay where it 
settles, unless carried away by the wind. 

In addition to the spread of contamination 
by wind, there is the possibility that it may be 
spread by personnel, unless special precautions 
are taken. Persons moving out of a contami- 
nated area could carry radioactive particles 
with them on clothing and other articles. 
Tracking by foot, or especially, by vehicles 
could also spreadcontamination. Heavy traffic 
would press the particles into the road sur- 
faces, making subsequent decontamination dif- 
ficult, if not impossible. 

The radiological contamination from a sur- 
face burst will generally have the same 
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characteristics as that from a subsurface ex- 
plosion. The base surge will be less pronounced 
or nonexistent in a surface burst, but there will 
be considerable fallout. 


EFFECTS ON PERSONNEL 


The injuries to personnel resulting from a 
nuclear explosion may be divided into three 
broad classes: 

1. Blast and shock injuries. 

2. Burns. 

3. Nuclear radiation effects. 

Apart from the nuclear radiation effects, 
most of the injuries suffered in a nuclear ex- 
plosion will not differ greatly in character 
from those caused by ordinary high explosive 
and incendiary bombs. An important aspect of 
injuries in nuclear explosions is the '"com- 
bined effects"; that is, a combination of all 
three types of injuries. For example, a per- 
son not too far from ground zero may suffer 
from blast injury, from burns, and also from 
the effects of nuclear radiation. In this respect, 
radiation injury may be a complicating factor, 
since it is combined with injuries due to other 
sources. 

Injuries will also vary in degree with the 
type of burst. In an air burst there will be 
blast and shock injuries, burns, and the effects 
of immediate nuclear radiation but no real 
danger of injuries from lingering or residual 
radioactivity. So unless you are trapped ina 
damaged or burning building, the danger is 
over in a few seconds. In a subsurface burst 
there will be mechanical injuries due to shock 
and blast, and burns. Since most of the ther- 
mal radiationis absorbed by the earth or water, 
even the burn injuries will be insignificant 
outside the area immediately surrounding the 
explosion. There may be some danger from 
the nuclear radlation carried by the base surge 
as it passes by a ship or land area. And there 
will be continuing nuclear radiation effects 
from the particles of dirt or drops of water 
deposited by the fallout. So in a subsurface or 
surface burst, the danger from the nuclear 
radiation effects can exist for some time after 
the explosion and over large areas. 


Blast and Shock Wave Injuries 


Injuries caused by blast can be divided into: 

1. Primary (or direct) blast injuries; and 

2. Secondary (or indirect) blast or mechan- 
ical injuries. 
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Primary blast injuries are those which 
result from the direct action of the air shock 
wave on the human body. It is believed that a 
20 kt. atomic bomb detonation will cause rela- 
tively few primary blast injuries. The greater 
power of nuclear weapons yielding over 100 kt. 
and the H-bombs with a yield of several mega- 
tons will cause primary blast injuries to a 
large number of unprotected personnel. 

Secondary blast injuries are caused mainly 
by collapsing buildings, and by timber and 
other debris flung about by the blast. Persons 
may also be hurled against stationary objects 
or thrown to the ground by the high winds ac- 
companying the explosion. The injuries sus- 
tained are thus similar to those due to a me- 
chanical accident: bruises, concussions, cuts, 
fractures, and internal injuries. 

At sea the shock wave accompanying an 
underwater burst will produce various "me- 
chanical" injuries. The casualties will resem- 
ble those caused aboard ship by more conven- 
tional underwater weapons, such as noncontact 
mines and depth charges, but instead of being 
localized, they will extend over the entire 
vessel. There will be mechanical injuries re- 
sulting from personnel being thrown against 
fixed objects or structures. 

Equipment, furniture, gas cylinders, boxes 
and similar gear, when not secured too well, 
can act as missiles and cause many injuries. 

Hemorrhage and shock are frequently seri- 
ous complications of blast injuries. The im- 
portance of shock cannot be over-emphasized, 
since it is often the main factor in determining 
the fate of the patient suffering "mechanical" 
injury. Consequently, the earliest possible 
attention should be giventotreatment for shock. 
Simple first aid measures are of great value. 

A nuclear explosion does not present any- 
thing especially new in respect to the types of 
blast injuries. Both primary and secondary 
blast injuries have occurred with ordinary high 
explosive attacks. However, with the nuclear 
explosion there will be an enormous number of 
injuries occurring in a limited area in a very 
Short time. 


Burn Injuries 


Burns due to a nuclear explosion can also 
be divided intotwo classes;that is, (1) primary 
burns, which are a direct result of the thermal 
radiation from the bomb; and (2) secondary 
burns, which are the result of fires caused by 
the explosion. From the point of view of their 
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effects on the body and of their treatment, both 
types of burns appear to be similar to each 
other and to burns produced in various other 
ways. š 

Burns are generally classified according to 
their severity, in terms of the degree (or depth) 
of the injury. The three classes of burns and 
some of their characteristics are as follows: 


Characteristics 


Redness of 
skin; heal 
without treat- 
ment; leave 

no scars. 





Class of burns 






First degree Mild sunburn. 


burns 










Second degree | Deeper; more |Severe sun- 










burns severe; blis- burn with 
ters; slower blistering. 
to heal; leave 
no scars. 

Third degree |Injury extends |Contact of 

burns through the skin with 
skin to deeper| hot stove 
tissues; heal for few 
slowly; may seconds. 






leave scars. 


The depth of a burn is not the only factor 
in determining its severity. The extent of the 
area of the skin which has been affected is also 
important. Thus, a first degree burn involving 
the entire body may be much more serious 
than a third degree burn at one spot. 

As with mechanical injuries, shock is com- 


monly associated with extensive burns. In 
many instances the occurrence and treatment 
of shock are important in determining whether 
the injured person will recover or not. Burns 
are also subject to infection, and this may have 
serious consequences. A late and serious 
complication of extensive burns is anemia. 
The range of secondary burns will corre- 
spond approximately to the distance to which 
fires have spread. In a built-up area this will 
be about the same as that for mechanical de- 
struction. The proportion of severe burns 
among persons who survive will be greater the 
nearer they are to the center of the explosion. 
Flash burns are likely to occur on a large 
scale as a result of a nuclear explosion in the 
air or on the surface. About one-third of the 
energy of fission appears as thermal radiation 
or radiant heat, and most of itis given off dur- 
ing the first second after the explosion. The 
high temperatures of the skin produced by this 
radiation result in burns of exposed personnel. 
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These are called primary burns or flash burns. 
Since thermal radiation travels in straight 
lines, it burns primarily on the side facing the 
explosion and also produces shadow effects, 
like sunlight. 

A shield which merely intervenes between 
you and the ball of fire, but does not surround 
you, may not be entirely effective under hazy 
atmospheric conditions. A large proportion of 
the thermal radiation you might receive, es- 
pecially at considerable distances from the 
explosion, has undergone scattering and will 
arrive from all directions, not merely from 
the point of burst. The weather should be kept 
in mind in connection with the problem of ther- 
mal radiation shielding. 

Temporary blindness resulting from the 
intense flash of light from a nuclear explosion 
may occur. Usually, this blindness will not 
last more than half an hour, unless the retina 
of the eye is burned. 


Nuclear Radiation Injuries 


Blast and shock injuries and burn injuries 
commonly result even from the use of ordinary 
high explosive and incendiary weapons. These 
types of injuries from a nuclear explosion are 
similar and are treated in the same manner. 
Nuclear radiation injuries, however, are new 
in warfare and are peculiar to nuclear weapons. 

You have already had contacts with radia- 
tion. In the form of cosmic rays from the sun, 
you have been bombarded by radiation every 
hour of your life. You have also had X-rays 
taken of your chest. This was done by sending 
invisible rays into your body. X-ray machine 
operators are usually protected by lead shields 
andare allowed to absorbonlya certain amount 
of radiation per week. Since nuclear radiations 
act pretty much like X-rays, similar precau- 
tions and safeguards can be taken against them. 


Nuclear Radiation Doses 


The amount or dose of nuclear radiation you 
would receive from a nuclear air burst de- 
creases the farther away you are from the ex- 
plosion. The closer you are, the greater the 
dose. In a surface or subsurface burst, if you 
are exposed, you might also receive a large 
dose of radiation from the base surge and the 
fallout. These large doses, if received over 
the whole body within a short time, 24 hours 
or less, would be fatal. Smaller doses received 
continuously over a longer period of time could 
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also be fatal. The effects of radiation accumu- 
late in the body. You don't have to worry too ` 
much about the "small doses—long period of 
time" radioactivity since it isn't likely that 
you would be required to remain in a radio- 
active area long enough to be in any danger. 
Don't forget that the area of the body affected 
by radiation is alsoimportant. You can actually 
take thousands of roentgens of radioactivity 
over a very small area of body without suffer- 
ing any ill effects. So there are a number of 
factors involved in determining nuclear radi- 
ation injury: distance, time, protection, type 
of burst, to some extent the yield of the bomb, 
and the area of the body affected. 

Exposure to gamma radiation is expressed 
in terms of a unit called the roentgen, pro- 
nounced "rent gen." Radiation doses absorbed 
in the body are usually expressed in terms of 
the "RAD," a unit of measurement which in- 
cludes alpha, beta, gamma and neutron radia- 
tion. 

Generally speaking, if gamma radiation is 
received over the whole body at one time, 600 
roentgens would be lethal to most persons. In 
a group of persons receiving 450 roentgens, 
about half of them would die as a result of the 
radiation; a dose of 300 roentgens will be lethal 
to about 25 percentof the personnel. So, taking 
an average, we could say that the average lethal 
dose is 450 roentgens. When the dose is less 
than 200 roentgens, no deaths are expected; 
this is known as a sublethal dose. Table 2-2 
shows the radiation effects that can be expected 
from specified acute doses at various times 
after exposure. 


HALF-LIFE 


As the particles and rays of nuclear radia- 
tion are given off by the atoms of a particular 
element, what is happening, in effect, is the 
disintegration of these atoms into other atoms, 
a process which continues until a stable atom 
is formed. Some elements are said to be 
naturally radioactive; that is, they give off 
nuclear radiations even in the form found in 
nature. These particles and rays are also given 
off by the radioactive elements that result 
from a nuclear explosion. 

Since the atoms of a particular element or 
isotope disintegrate at different rates and at 
different times, we must assume an average 
in determining the rate at which nuclear radia- 
tion is given off. The rate of radioactive 
change is expressed in terms of the "half-life" 
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of the particular element or isotope. For ex- 
ample, radium 226 has a "half-life" of 1590 
years. One particular atom of radium may not 
disintegrate for a billion years, while another 
may disintegrate in a small fraction of a sec- 
ond. In any visible piece of radium, however, 
there are so many countlesstrillions of atoms 
that the average always holds true. So we can 
say that in 1590 years, one-half of the atoms 
in any piece of radium will have disintegrated 
through natural radioactivity. In another 1590 
years, half of the remaining atoms in the 
radium will have disintegrated, and so on. 

Remember, though, that when you say that 
the half-life of radium is 1,590 years, you do 
not mean that all of it will disintegrate in 3,180 
years. It is not like saying that the life of an 
electric light bulb is 1,000 hours, and that at 
the end of 500 hours it has only 500 more left 
to go. That is not the case at all. At the end 
of a half-life, the radium still has an infinite 
number of half-lives. 

You might say that radioactivity goes down 
much in the same manner as a gallon of water 
given to you with the requirement that each 
day you drink half of the amount left inthe con- 
tainer. During the first day you would drink 
a half gallon. During the second day you would 
drink half of the remaining half gallon, or a 
quart. During the third day you would drink 
half of the remaining quart, or a pint. On the 
fourth day you would get 8 ounces; on the fifth 
day, 4 ounces; on the sixth day, 2 ounces; on 
the seventh day, 1 ounce; and so on. Notice 
that, as you go on, you can never finish the 
water no matter how long you continue, for you 
must always leave half. Although the half-life 
of the water is one day, its full-life is infinitely 
greater than 2 days. In the same way, radium 
226, with a half-life of 1,590 years, never loses 
all its radioactivity. Of course, as with the 
water, the amount you get from a particular 
quantity after the completion of a number of 
half-lives is extremely small. 

The half-lives of different elements vary 
greatly. If the nucleus is almost perfectly 
Stable, its half-life expectancy may be 73 
billion years, as for lutecium 176. If the 
nucleus is very unstable, its half-life expect- 
ancy may be as low as three ten-millionths 
(3/10,000,000) of a second, as tor polonium 212. 
The other elements that are radioactive have 
half-life expectancies in between these two. 

The decrease in radioactivity of elements 
as expressed by their half-lives is of consid- 
erable importance in the protection of 
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personnel. The products of a nuclear explo- 
sion, however, are so complexthat some rule- 
of-thumb has to be adopted to determine this 
decrease. The accepted rule is that for every 
seven-fold increase in time after the explo- 
sion, the activity decreases by a factor of ten. 
For example, if the radiation intensity at one 
hour after the explosion is 1000 roentgens, 
then at seven hours after the explosion the 
intensity will have decreased to one-tenth or 
100 roentgens; at 7 x 7 = 49 hours (roughly 
two days) it will be one-hundredth or 10 roent- 
gens; and at 7 x 7 x 7 = 343 hours (roughly two 
weeks) the activity will be one-thousandth of 
that at one hour after the burst or one roentgen. 
This rule is useful in determining how soon 
personnel can enter radioactive areas, how 
long they can stay and what radiation doses 
might accumulate. 


HALF-VALUE LAYER THICKNESS 


You will recall that we said there were four 
general types of nuclear radiation: alpha par- 
ticles, beta particles, gamma rays, and neu- 
trons. Alpha particles can be stopped by a 
thick piece of paper, clothing or by skin. Most 
beta particles can be stopped by a 1/8-inch 
thickness of metal. So these two types oi 
radiation are not much to worry about. Gamma 
rays, and neutrons, on the other hand, can pass 
through concrete or earth just like radio waves 
can penetrate the walls of a building. How 
much gamma radiation gets through depends 
on thethickness and denseness of the material. 
Assuming the same thickness for the following 
materials, their effectiveness as shields is 
shown by the order in which they are listed: 
lead, steel, concrete, earth, water, and wood. 
On the other hand, increasing the thickness of 
the less dense materials increases their shield- 
ing effectiveness. The thickness of a shielding 
material that will cut gamma radiation in halí 
is called a "half-value layer thickness." For 
example, a concrete shield about 6 inchesthick 


or an earth shield 7-1/2 inches thick will cut | 


the gamma radiation in half. Let us assume 
that where you are standing the gamma radia- 
tion at the time of the burst is 400 roentgens. 
If you happen to be behind a half-value layer 
shield of some kindat thetime, you will receive 
a dose of 200 roentgens. Now, suppose there 
are TWO shields each of which ‘s a half-value 
layer. The 400 roentgens of radiation is re- 
duced to 200 roentgens after it passes through 
the first shield and to 100 roentgens after it 
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has passed through the second shield. With 
each additional half-value layer shield you add 
you reduce the gamma radiation by half. (See 
figure 2-18.) But remember, each material 
has its own "half-value layer thickness" for 
steel, it is about 1-1/2 inches; for concrete, 
about 6 inches; earth, about 7-1/2 inches; wa- 
ter, about 13 inches. And remember, too, that 
these thicknesses DO NOT STOP radiation 
altogether; they cut it in half (fig. 2-18). In an 
atomic attack, a half-value layer of steel or 
concrete could be the shield that will keep you 
from getting a lethal or dangerous dose of 
gamma radiation. 


NEUTRON SHIELDING 


Neutron shielding is a different and more 
difficult problem than shielding against gamma 
rays. Heavy metals, such as iron and lead, 
are good gamma ray shields because of their 
high density. Such elements alone, however, 
are notquite as satisfactory for neutron shield- 
ing. What is needed is a material that will 
"capture" the neutrons after they have been 
slowed down. Andsince gamma rays are given 
off during this "capture" process, we really 
need a material that is effective against both 


gamma rays and neutrons. In general, con- 
crete or damp earth would represent a fair 
compromise for both types of radiation. A 


thickness of 10 inches of concrete, for example, 
will decrease the neutron dose by a factor of 
about 10, and 20 inches by a factor of roughly 
100. 


ONE HALF — 
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Figure 2-18.-The effect of "half-value thickness" shields 
on gamma radiation. 


TABLE 2-2.—General Nature of Radiation Sickness. 


Time after 


Acute doses received over a large area of body 


500-600 r 


CA PORRES 150-300 r 300-500 r 


First week | Nausea and vomit- |Nausea and vomit- 
ing on first day ing on first day. 
Otherwise, no 
definite symp- 
toms. 





















Second No definite symp- |Loss of hair, loss 
week toms. of appetite, gen- 
eral sick feeling. 

Later Loss of hair, loss |Fever, inflamma- 
effects of appetite, gen- tion of mouth and 










eral sick feeling, 
sore throat, 
pallor, skin hem- 
orrhage, diarrhea, 
moderate weight 
loss, ultimate re- 
covery likely in 
absence of com- 
plications. Mor- 
tality rate of 3 
percent at 200 r. 


throat, pallor, 
skin hemorrhage, 
diarrhea, nose 
bleed, rapid 
weight loss, mor- 
tality rate of 50 
percent at 450 r. 
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Nausea and vomit- 


ing on first day; 
diarrhea, vomit- 
ing. 


Inflammation of 


mouth and 
throat, fever, 
rapid weight 
loss, mortality 
rate about 90 
percent. 
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QUIZ 


The smallest part of any element that can 
exist, while still retaining the character- 
istics of the element is called: 

a. an electron 

b. an atom 

c. a compound 

d. a proton 


Most of the weight of an atom is contained 
in the 


A neutron is normally located in the: 
a. nucleus of an atom 
b. outer shell of an atom 
c. inner shell of an atom 
d. space between the shells of an atom 


An electron: 

is a positively-charged particle. 

. carries no charge. 

. is a negatively-charged particle. 

. alternates between positive and 
negative charges. 


fog'* 


The positively-charged particle in the 
nucleus of an atom is called the s 


The various forms of the same element, 
with different atomic weights, the same 
number of protons, and the same chemical 
properties are called: 

a. compounds 

b. ions 

c. atoms 

d. isotopes 


Atoms with positive or negative charges 
are called 


The splitting of the atom of a heavy ele- 
ment into two or more lighter atoms is 
called: 

a. fission 

b. fusion 

c. transmutation 

d. ionization 


9. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


The fusing together of atoms of a light 
element to form a heavier atom is called 


A nuclear explosion differs from a TNT 
explosion in that it is accompanied by: 

a. thermal radiation 

b. blast 

c. nuclear radiation 

d. shock 


Name the four types of nuclear bursts. 


Which type of nuclear burst presents the 
most danger to a ship? 


In an air burstof a 1-megaton weapon, the 
point at which the explosion occurs is at 
least feet above the earth's surface. 


On afairly clear day, the heat from an air 
burst of a l-megaton weapon will be of 
sufficient intensity to cause moderately 
severe burns as far away as: 

a. 6 miles 


b. 12 miles 
c. 18 miles 
d. 24 miles 


A nuclear burst whose fireball at maxi- 
mum brilliance touches the land or water 
is called a (n): 

a. underwater burst 

b. air burst 

c. underground burst 

d. surface burst 


The effect that assumes considerable 
significance in a subsurface burst is the: 
a. initial nuclear radiation 
b. residual nuclear radiation 
c. thermal radiation 
d. air blast 


Radioactive dust and drops of water which 
fall back to the earth after a nuclear ex- 
plosion are known as ° 


The point vertically below or above the 
center of the burst of a nuclear weapon is 
called: 

a. ground zero 

b. the A zone 

c. the crater 

d. fallout 


19; 


` 20. 


23. 


24. 


25. 


26. 


. 27. 


' 28. 


29. 
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The two chief causes of damage to build- 
ings, ships and equipment as a result of a 
nuclear explosion are: 

a. radiation and fire 

b. heat and radiation 

c. blast and heat 

d. blast and radiation 


The ability of a building to withstand blast 
depends primarily on its š 


The structures which are surprizingly 
blast resistant due to their shape are: 

a. industrial buildings 

b. rectangular buildings 

c. square buildings 

d. smokestacks 


The overall destruction nearground zero 
will be much greater for a(n) burst. 





The type of building construction most 
resistant to the blast and shock effects of 
a nuclear explosion is: 

reinforced concrete and heavy steel- 
frame 

masonry and brick 

wooden 

d. light-steel frame 


The of a ship and its will have 
considerable influence on the damage 
caused by blast. 


Smaller fighter-type aircraft are (more) 
(less) susceptible to blast damage than the 
larger aircraft. 


The extent of damage to materials caused 
by thermal radiation depends on the 
and the of the material. 


Fires caused directly by the heat igniting 
such materials as paper, thin cloth, rags, 
wood and dry vegetation are called: 

a. secondary fires 

b. fire storms 

C. primary fires 

d. blast fires 


Fires for which the blastis chiefly respon- 
sible, such as those caused by upset stoves 
and furnaces, broken gas and other fuel 
lines, and electrical short circuits, are 
called fires, 


Thermal radiation (would) (would not) be 
an appreciable factor in producing damage 
at sea. 
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30. 


31. 


32. 


33. 


34. 


35. 


36. 
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38. 


39. 


40. 


4l. 


42. 





Surfaces susceptible to radioactive con- 
tamination are those which are: 

a. smooth 

b. well-painted 

c. weathered 

d. non-porous 


Give three examples of porous materials. 


Of the four forms of nuclear radiation, 
and havethe great- 
est penetrating power. 


In an underwater burst, the topside sur- 
faces of a ship may become contaminated 
due to the: 

a. large water waves 

b. height of the burst 

c. heading of the ship 

d. fallout and base surge 


Nuclear radiations (do) (do not) affect 
most materials in any visible manner. 


Radioactive contamination of the interiors 
of ships!can be reduced by: 
a. wetting down all surfaces 
b. maneuvering 
c. securing all openings and ventilation 
systems 
d. removing all paint 


Radioactive contamination (does) (does not) 
affect the mechanical performance of an 
aircraft, its engines, or any of its equip- 
ment. 

Blast injuries can be divided into and 
injuries. 


Injuries caused mainly by collapsing build- 
ings and flying debris are called 
blast injuries. 


Whatis the difference betweenthe primary 
and secondary burns which can result 
from a nuclear explosion? 


The range of secondary burns in a built-up 
area will be about the same as that for 


Considerable protection from thermal 
radiation injury can be provided by the 
right kind of š 


You will likely acquire an overdose of 

nuclear radiation by: 

a. not being properly dressed 

b. remaining in a radioactive area too 
long 

c. leaving your station 

d. helping an injured shipmate 
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The rate of radioactive change of an ele- 
ment is expressed in terms of its: 

a. nucleus 

b. half-life 

c. half-value layer thickness 

d. atomic weight 


The thickness of a shielding material that 
will cut gamma radiation in half is called 
a 


45. 
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In an underground or underwater burst 
the mass of dustor water that rolls out ir 
great waves from the base of the clouc 
column is called a 





CHAPTER 3 
[ HE NATURE OF BIOLOGICAL AND CHEMICAL WARFARE 


INTRODUCTION 


We have said that nuclear weapons are pri- 
marily designed to cause material destruction 
>y blast and shock. Although the heat released 
during a nuclear explosion is also quite de- 
structive to buildings, equipment and personnel 
and the immediate nuclear radiation can cause 
-onsiderable casualties, these effects are 
ceally secondary. 

i i chemical warfare agents, on 
-he other hand, are designed primarily as anti- 
oersonnel agents. They are intended to pro- 
Juce casualties WITHOUT destruction of build- 
ings and equipment. 


BIOLOGICAL WARFARE (BW) 


Biological warfare is defined as the use of 
living agents, or their toxic products, to pro- 
duce disease or death of personnel, animals 
or plants. 


The chief objective of biological warfare is . 


mass infection resulting in the incapacitation 
or death of large numbers of individuals or in 


the destruction of their sources of food, both . 


animal and plant, or perhaps in both. The 
weapons of biological warfare, unlike most 
other weapons, act on living matter only and 
are limited in use to those objectives. 


GENERAL EFFECTS OF BW 


The destructive possibilities of disease 
organisms are well established. Medical and 
military history records many instances of 
large-scale pestilence, destruction, and death 
produced by germs. It has been estimated that 
the influe pidemic in. 1918-19 résulted in 
the loss of nearly 20 million lives, greatly 


éxCeeding the combat toll of World War L. 
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epidemics, and in some cases the fate of mili- 
tary operations, are bubonic plague, typhus, 
cholera, smallpox, malaria, typhoid fever, and 
influenza. 

The food sources of a nation are also liable 
to destruction through the use of germs. In 


Mexico during 1946 over one-third of the 
nation's cattle was infected with foot-and- 
mouth disease. Although 500,000 cattle were 
sacrificed in mass slaughter, and thousands of 
others were inoculated, the disease remained 
unchecked for some time and is still adormant 
threat. 

Some use of biological agents against cavalry 
animals was reported during World War I, 
and reports of the use of infectious materials 
in certain areas of China were received in the 
early days of World War II. While other un- 
confirmed claims of the use of biological agents 
have been made from time to time, the delib- 
erate spread of disease-producing organisms 
has never been employed on a large scale. 
However, interest and active research and de- 
velopment in biological warfare are not con- 
fined to this country. The employment of bio- 
logical agents by enemy nations must be 
accepted as a possibility, and the importance 
of being fully prepared to meet this threat 
cannot be overemphasized. While biological 


\agents would most likely be used against 
;personnel to produce death and injury, they 


may also render food, water, and equipment 


unsafe for use, neutralize areas, harass and 


delay personnel, and lower morale (figure 3-1). 
Biological agents cannot be detected by the 
physical senses or by chemical detectors and 
can be detected and identified only by labora- 
tory examination. Furthermore, the time lag 
etween exposure to a biological agent and the 
onset of disease symptoms or by onset of the 
disease itself will usually be a matter of days 
rather than minutes or hours as is the case 
with most chemical agents. . All persons will 
not be affected to the same degree even though 
exposed to the same dosage of biological 
agents; some may escape disease entirely, 
some may have a very mild attack, and some 
may become seriously ill. 

However, proper training and organization 
can reduce the effects of biological warfare 
just as they can those of atomic or chemical 
warfare. Defense against.biological attack 
depends on proper training of EACH AND 
EVERY INDIVIDUAL for in this weapon, as in 


t 
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POSSIBLE MEANS OF 
DISSEMINATING BW AGENTS 


AIRPLANE SPRAY 


AERIAL BOMBS 


AEROSCL GENERATORS 


FREE BALLOONS 


ANIMAL AND INSECT VECTORS 


SABOTAGE 





Figure 3-1.—Possible means of disseminating BW agents. 


no other, the concern is with living organisms 
whose effects may continue to spread toa large 
number of people. It is very important that all 
personnel be thoroughly trained and properly 
equipped and that an adequate defense organiza- 
tion be established. 


TYPES OF BW AGENTS 


Agents of biological warfare may be selected 
from several large groups of very tiny organ- 
isms or germs such as bacteria, rickettsiae, 
viruses, fungi, and protozoa. Representatives 
of all of these groups are found everywhere in 
nature, but relatively few members of each are 
capable of producing disease in man and ani- 
mals. In most cases, those that produce dis- 
ease do so by invading the body of the victim 
(host) and growing in his. tissues; this is called 
INFECTION. Some bacteria do not have to 
invade the living body to cause their effects. 
They may produce very potent toxins (poisons) 
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in food or other organic materials. Both th 
living bacteria and their products can be pro 


duced in large quantities artificially. 


Most of these very tiny organisms do no 
cause diseases. Infact, many of them 
helpful to man. These are responsible for th 
production of most antibiotics such as penicil 
lin, and for the production of many alcohol: 
beverages and vinegar; they are useful i 
cheese-curing, improving soil fertility, and i} 
other ways. 


Biological agents when used militarily ca 
be classified on the basis of (1) persistency 
(2) contagion (ability to spread from one in- 
dividual to another), and (3) potency or vire 
lence (their capacity to produce a severe ili 
ness). 


Figure 3-2.—Streptococcus—spherical-shaped bacteria 
clinging together to form chains. 


An agent able to resist unfavorable condi- 
tions of environment for long periods of time 
is classed as a persistent agent. Most organ- 
isms, however, are rather sensitive to changes 
from their normal living conditions and will be 
affected unfavorably by changes in temperature, 
food, moisture, light, or exposure to air. Such 
organisms are classed as nonpersistent agents. 
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Certain diseases spread rapidly from one 
>erson to another by direct or indirect con- 
-zct. These are known as contagious diseases. 
| Other diseases are rarely transmitted by con- 
tact. The disease-producing organisms vary 
z:onsiderably in the degree of illness they are 
xable to produce depending upon the route of 
<ntry to the body or upon the site of attack. 
aim fact, the effects of different strains of the 
same organism may vary from fatal illness to 
cnildinfection. The broad groups of organisms 
from which biological warfare agents may be 
"selected are described briefly in the following 
paragraphs. 


B acte ria 


Bacteria are very small single-celled or- 
anisms. They may be spherical, rod-shaped, 
r spiral in form and their size ranges from 


NUT to 5500 of an inch. They are visible 





under the ordinary microscope. They are 
present everywhere in nature, being found in 
air, soil, water, and animal and plant bodies, 
booth living and dead. Figures 3-2 and 3-3 are 
included here as typical examples of rod- 
shaped and spherical-shaped bacteria. Many 
types of bacteria can cause infection and the 
powerful toxins produced by some could be used 
alone for biological warfare. Most bacteria 
can begrown very easily in simple broth; they 
do not need living tissue for their growth (fig. 
3-4). Examplesof diseases caused by bacteria 
,are typhoid fever, meningitis, and tuberculosis. 


Rickettsiae 


Rickettsiae are usually smaller than bac- 
teria, but are still visible under the ordinary 
microscope. They grow oniy within living cells, 
which makes production difficult but not im- 
possible. Most of them grow very well in 
fertilized chicken eggs. They are potent 

ø disease-producers in man and animals, and 
many of them are transmitted by insect bites. 
Examples of diseases caused by rickettsiae 

‘are rocky mountain spotted fever and typhus. 

f 

¢ Viruses 

f Viruses are even smaller than rickettsiae 

4 and are not visible under the ordinary micro- 

. scope. Some have been photographed through 

i the electron microscope. Like the rickettsiae 
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Figure 3-3.—An example of rod-shaped bacteria 
Anthrax) under a microscope. 


they will grow only within the living cell. 
Viruses and rickettsiae are probably less well 
distributed than bacteria because they are more 
particular in their growth requirements, but it 
is known that they can survive for short periods 
in the air. Examples of virus diseases are: 
mumps, smallpox, psittacosis (parrot fever), 
and influenza. 


Fungi 


Fungi include such plants as the yeasts, 
molds, and mildews. These organisms are 
well-known for their ability to cause spoilage 
of foods and fabrics. Generally speaking, 
diseases caused by fungi in humans are less 
severe than those produced by other micro- 
organisms. They usually produce low-grade, 
mild, and often chronic diseases such as ring- 
worm aud athiete's foot. A few fungi are 
capable of producing serious diseases, such 
as "blastomycosis" (achronic infection affect- 
ing the skin or the lungs, bones, liver, spleen, 


and kidneys) in humans. Several diseases of ` 


plants are caused by fungi. Examples of these 
are potato blight, cotton root rot, corn smut, 
and wheat rust. Should attacks be made on 
food crops, certain of the agents used might 
be in this class. 


ABC WARFARE DEFENSE 





Figure 3-4. Bacteria growing on agar medium. 


Protozoa 


Protozoa are single-celled animal-like 
forms occurring in a great variety of shapes 
and in many cases having complicated life 


cycles. They range in size from 3s o6 to 
3 
1 
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diseases in both màn and animals. Problems 
of production and transmission limit their ap- 
plication in biological warfare, but it must not 
be assumed that these problems could not be 
solved. Examples of protozoal infections of 
man are amoebic dysentery and malaria. 


of aninch. Some of the protozoa will cause 


Toxins 


Toxins, which are poisons produced by 
certain microorganisms, must be considered 
in biological warfare defense. They might be 
usedintwo ways: either they could be produced 
outside the body and introduced into foods or 
wounds, or the organisms producing them could 
be used as agents. In the case of botulism (a 
form of food poisoning), the toxin is produced 


outside the body and is eaten. The toxin pro⸗ 


duced by the botulism organism is the. most 
potent known to be produced in nature. It is 
hundreds of times more poisonous than phos- 
gene, mustard gas, or cyanide, and several 
times more toxic than rattlesnake or cobra 
venom. 
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Synthetic Chemical Compounds 


By strict definition, synthetic chemica 
compounds are not biological agents. They ca 
not have the power to spread their effects be-f 
yond the original area of dispersion, but the; 
are easily produced and stored. They are con-| 
sidered here because of their importance ir 
destroying food and industrial crops. Agains 
these targets the enemy might consider use c 
synthetic chemical compounds, particularl; 
the recently developed plant growth regulator: 
and the defoliants. The plant growth regulator:| 
may inhibit growth or cause death of the plan 
at very low concentrations. They also hinder 
the germination of seeds, and if present in the 
soil, prevent establishment of seedlings. De- 
foliants are chemical compounds which cause 
trees and shrubs to drop their leaves. I| 
farming, certain defoliating chemicals have 
been used for removing leaves from cotton 
plants prior to the harvest of bolls. It is pos- 
sible that some of these chemical defoliants 
will be ‘used in biological warfare attacks 
against plants. 


EFFECTS OF BW AGENTS 


Agents of biological warfare may be selected 
to produce many strategic and certain tactical [ 
goals, ranging from a brief but crippling dis- | 
ease to widespread serious illness with many 
deaths. The effectiveness would depend largely 
on the agent selected. The basic principles oí 
infection and resistance to infection remain the 
same whether the disease is spread by natural 
or artificial means. 


SOURCES OF INFECTIOUS AGENTS 


Ordinarily most diseases of man can be 
traced back to human or animal sources, al- 
though the germs may actually reach their 
victims via water, food, air, soil, or the bites 
of insects. These carriers of disease have 
almost always received the germs from an in- 
fected human or animal, even though in many 
cases the original source does not show any 
symptoms of the disease. This is particularly 
true with diseases originating from a human 
source. Mild cases of infection are frequently | 
not recognized in the early stages, during 
which the infectious agent is probably being 
widely spread. The dispersal usually occurs 
by contact, by food handling, by putting organ- 
isms into the air by sneezing, coughing, spitting 
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Or speaking, by an insect bite or, under poor 
sanitary conditions, by pollution of the soil or 
A water supply with excreta (human or animal 
waste). 

, Regardless of the manner of transmission, 
most disease-producing organisms experience 
great difficulty in surviving outside the host. 
Disease-causing organisms are relatively 
fragile and are quite susceptible to heat, light, 
‘and chemicals. Most infectious organisms 
‘live for relatively short periods in the open 
air. It canbe anticipated that in selecting an 
‘agent for use in biological warfare, attempts 
‘would be made to adapt an organism to gener- 
ally unfavorable conditions so that it could 
persist in nature for longer periods of time. 


' ROUTES OF INFECTION 
$ “The route by which the infecting organism 
enters the body (portal of entry) may determine 
"whether disease will result. Many micro- 
‘organisms require a specific portal of entry 
-in order to produce infection, while others are 
“less exacting and can cause disease when they 
enter by any of several routes. The type of 
disease may vary depending on the portal of 
entry. For example, the tuberculosis organ- 
ism may cause disease of the lungs if it is in- 
‘haled, but may cause intestinal disease if it is 
“swallowed. The organisms of gas gangrene 
| may cause no disease if they are swallowed but 
“may induce fatal infection if they enter a wound. 
ZThe organisms which cause typhoid fever can 
ido little damage in a wound but produce serious 
Zillness if they are swallowed. 
2 Under natural conditions, diseases of dif- 
ferent types enter and leave the body by specific 
routes. Diseases of the respiratory tract are 


usually transmitted by droplet infection. The 


organisms are sprayed into the air during 
italking, sneezing, or coughing, and are of such 
s small particle size that they remain suspended 
‘tin the air and are carried by air currents. 
tAfter settling they may be resuspended by 
jcirculating air. They may float about on dust 
š particles and be inhaled, causing infection. 
5Diseases of this group are difficult to control, 
f particularly under crowded conditions. 
j “The diseases of the intestinal tract result 
$from swallowing of the organisms. Contam- 
Yinated food, water, and milk are the usual 
y carriers. Diseases of this group may be con- 
t trolled by strict sanitary measures. 
# Another means of transmission is by direct 
ý contact, such as the physical contact which 
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results in venereal disease, or the touching of 
contaminated objects and surfaces. Malaria 
results from the bite of a mosquito carrying 
the malarial parasite; other diseases trans- 
mitted by biting insects are typhus carried by 
body lice, rocky mountain spotted fever by 
ticks, and bubonic plague which is carried 
from rat to man by the rat flea. 


Invading organisms are discharged from 
the body in a characteristic manner. Those 
invading the respiratory tract leave the body 
in the saliva or in droplets of moisture dis- 
charged into the air by talking, sneezing, or 
coughing. The intestinal disease-producing 
organisms leave the body in the stool. 


INFECTION 


Infection may be defined as the multiplica- 
tion of the microorganism within the body of a 
host with resultant damage to the host. The 
mere presence of a disease-producing organ- 
ism on or in the body of a host does not guar- 
antee that infection will result. In fact, such 
organisms are frequently present in the human 
body for long periods and cause no harm to the 
person carrying them. The factors which 
determine whether infection will result from 
contact between a pathogen and a host are not 
completely understood, but among those which 
are known to be important are the following: 
the general state of health of the individual 
(whether he is in good condition or "rundown"), 
his state of immunity, the number of organisms 
to which he is exposed, and the ability of the 
organisms to cause disease. 


The individual who becomes infected never 
shows symptoms of disease immediately. The 
time between the entrance of the organisms 
into the body and the appearance of symptoms 
is called the incubation period. It may vary 
from a few hours to several weeks depending 
on the nature of the infecting organisms, the 
number of organisms introduced, and the ability 
of the host to resist. After this period comes 
the acute stage of the disease during which the 
individual is very ill with symptoms of the 
particular disease with which he is infected. 
During this stage, the defense mechanisms of 
the host are mobilized and the outcome of the 
disease depends on whether these are suffi- 
cient to repel the infection. The individual 
may recover; if not, he may either die or be 
disabled for years with a "chronic infection." 
The duration of the acute stage varies with the 
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individual disease as well as with the resist- 
ance powers of the host. 


RESISTANCE 


When an organism reaches a suitable host, 
a number of things may happen, the sum total 
of which determines whether disease will re- 
sult. Unless the bacteria reach a suitable 
location in the host, they cannot produce dis- 
ease and, lacking favorable environment for 
growth, will dieor live harmlessly for a period. 
Most of the exposed surfaces of the body —the 
Skin and the mucous membranes of the respir- 
atory tract, gastro-intestinal, and genito- 
urinary tracts—are not penetrated by most 
bacteriaas long as the mucous membranes and 
other surfaces are not broken. They may also 
secrete substances which kill bacteria. A 
small scratch, cut or burn is sufficient, how- 
ever, to admit these microscopic disease- 
producing organisms. Also, in nature and 
especially in biological warfare, these organ- 
isms do not arrive singly; they come by the 
hundreds and millions and only a few may suf- 
fice to cause an infection. 

In addition to what may be called the passive 
defense mechanism of the body surfaces, 
(impenetrable barriers and bacteria-killing 
secretions) the body is capable of active de- 
fense. Once infection has started, the defense 
cells of the body (white blood cells and certain 
tissue cells) localize at the site of the infec- 
tion and destroy the organisms. A local reac- 
tion takes place and sometimes the host suc- 
ceeds in walling off the infection, thus confining 
it toa single location; this is known as abscess 
formation, and a common example is a pimple, 
in which there is an intense local reaction 
with no general illness. 

In addition to these local defense measures 
the host rapidly starts to produce specific 
substances called antibodies which are capable 
of destroying or neutralizing the invading 
organism or its products. These are of little 
use until a sufficient quantity is produced. If 
the individual has had contact with aparticular 
organism before, either as an active disease 
orin avaccine, he will have a store of specific 
antibodies and can make more in a shorter 
time than if he had never been exposed to that 
organism. Such an individual would therefore 
be more resistant to the infection than a "nor- 
mal" person. This increased resistance fol- 
lowing infection or vaccination is called im- 
munity and the degree of immunity produced 


depends on the disease. Thus one attack o' 
smallpox renders most people immune for life. 
while many people have several attacks o! 
German measles. In addition, immunity mar 
also be limited in degree; immunity to norma 
dosages may not always be sufficient to protect 
against exceptionally large dosages. 

The total interaction between host and in- 
vader determines whether infection will tak: 
place. If there are sufficient organisms, or i 
the few that are present are sufficiently potent 
to overcome the host's defenses, infection wi! 
result. If not, the host will dispose of the in- 
vader and no disease will occur. 


CHEMICAL WARFARE (CW) 


The arrival of MODERN chemical warfare 
dates to the early spring of 1915. This period 
brought the Germans in World War I to the 
realization that they had arrived at a deadlock 
and that ordinary warfare by shot and she! 
was inadequate. The situation was particularly 
grave, for supplies were low and logistics had 
become a serious problem. Accordingly 
Germany mobilized her industry and scientific 
talent, and on the afternoon of 22 April 1915 
unveiled a new chemical weapon, a -toxic 
(poisonous) gas, chlorine. = 

By present standards chlorine is an inef- 
fective agent, yet within a few hours after 
release it caused complete demoralization 
among Allied troops. In the following months 
both forces used poisonous chemical agents. 

The -principal goal of chemical warfare is 
the occupation of areas and the disabling of the 
enemy. In attaining those ends it is desirable 


` that the cost of men and material be minimized, 
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and that the least possible material damage be 
inflicted upon any objective of probable value. 
In this regard the chemical agents are out- 
standing. A chemical attack, in contrast to a 
conventional shot-and-shell attack, ONLY BE- 
GINS when the agent is released. Following 
its release a gas diffuses (spreads) through 
the air and into any accessible space. This 
diffusion may continue for hours, days, or 
weeks, depending upon the agent and the condi- 
tions. (The effectiveness of a chemical agent 
Spread as gas would not be nearly as great at 
sea. In liquid form, a CW agent might be quite 
effective.) It is as though a chemical machine 
gun with a huge store of ammunition had been 
set into automatic operation. 

In view of these statements one might well 
wonder why the chemical agents were not used 


| 
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an World War II and might speculate upon their than one grouping, they are generally placed 
„cole in any future war. It is not entirely clear in the group that describes their major action. 
-why these agents were not employed in World -— THE NERVE AGENTS. —Nerve agents may 
War II, but whatever the reason, all nations be used as colorless gases with little or no 
‘involved in the conflict adopted a "retaliation odor or as colorless to light brown liquids. 


only" policy. These are quick-acting agents which effect 
There is always the possibility that any their results by a radical disturbance of the 
„Future enemy will use chemical warfare agents, chemical processes of the nervous system, 


-eitherin achemical attack or in a combination followed by impairment or failure of other 

attack with biological agents and nuclear bodily functions. They can be inhaled, swal- _ 
„weapons. Disaster of the first order will re- lowed, or absorbed through the skin. 

„Sult from such an attack if it is unexpected and ^ Because of (1) their deadly and disabling 

„if it is met with ignorance. Armed with suf- effects in much smaller quantities than other 

“ficient information of the nature of the likely classes of agents, (2) their ability to bypass 

agents, however, and encouraged by the knowl- the protective mask by penetrating directly 

edge that protective measures wisely used will through the skin, and (3) their long persistency 

reduce the effects, a person under chemical - on clothing, shipboard surfaces, and on the 


„attack has an excellent chance of survival. skin, this group of relatively new CW agents 
s is the number one chemical warfare threat to 
t GENERAL EFFECTS OF CW the Navy at sea or ashore. An attack with 


these agents probably would be inconspicous 
or invisible under battle conditions. 


: In chemical warfare, death, injury, or ir- THE BLISTER AGENTS. —In contrast to the 
-ritating effects are produced by toxic chemical herve, blood and choking agents, blister agents 


“agents. Although commonly called gases, are particularly effective because they may 


“actually these agents may be found as solid attack any part of the body. Whereas the chok- 


“particles, liquids, or gases. The term "chem- — 
lical warfare agent" is a general expression ing agents affect chiefly the lungs, blister 


. : agents affect the eyes and all accessible body 
‘applied to any chemical which, by its own parts as well as the lungs. Blister agents can 


action, can produce powerful casualty, har- Cause se ; 

rious chemical burns when they are in 
.assing, screening, or incendiary effects. liquid states. The vapors, also, will produce 
: Chemical warfare agents, like the BW — purns on the skin and eyes, and in addition act 
sagents, are used chiefly for their effects on as lung irritants. Absorption of these agents 
y personnel, although some agents will have a anywhere in the body may result in poisoning 


¢corrosive effect on specific materials and Which 8 
š preads through the whole body. One of 
;incendiaries will burn most materials. These these agents is primarily an irritant to the 


; agents produce a harmful physiological reac- skin and mucous membranes, causin 

; g an im- 
y tion when applied to the body externally, when mediate sensation of pain similar to a bee sting. 
; breathed, or when taken internally. Most CW. Because these agents are long-lived on 


y agents cause disorganization of the funetioning shipboard surfaces, are able to. bypass the. 


_ PG. 





noe Eie bom protective mask by direct skin effects, and 
; usually cause long periods of illness, they are 
x< TYPES OF CW AGENTS the second most important agents for CW use 
Š against the Navy. 

Chemical warfare agents attack the body The remaining groups of poisonous agents 


and produce specific damages according to the are largely composed of true gases, dusts or 
' nature of the particular agent. The primary aerosols and so lack the persistency needed 
` actions of CW agents on the body will place for an effective attack against a fast-moving 
them in one of the following categories: nerve vessel. In addition most of them have some 
i f agents; blister agents; b ood agents; choking immediate effect which warns of their presence. 
^ agents; vomiting agents; and tear agents. - All of them are much less poisonous than fhe 
From the standpoint of its physiological nerve agents, but some are sufficiently poison- 
action, any given agent may be placed in one ous to be somewhat of a threat to naval person- 
of the groupings listed above. Although some nel ashore. 
agents possess more than one physiological THE BLOOD AGENTS.—The blood agents 
action and therefore could appear under more ` are absorbed in the blood and produce their 
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effects by interfering with respiration and other 
body functions. Some of these agents act by 
interfering with the use of oxygen by the body 
tissues or the hemoglobin. Others interfere 
with the functioning of the blood and damage 


the liver and kidneys. Blood agents are quick- . 


acting and are absorbed into the body primarily 
by breathing. 

THE CHOKING AGENTS.—These agents 
produce vapors capable of causing injury in the 
respiratory (breathing) system; that is, in the 
nose, throat, and particularly the lungs. In 
extreme cases the membranes swell, the lungs 
become filled with liquid and death results from 
lack of oxygen; thus these agents ''choke" an 
unprotected man. In some instances they may 
act as blister agents or as vomiting agents, 
but their primary effectis upon the respiratory 
system. 

The effects of the "harassing" agents are 
temporary and usually are not very serious. 
VOMITING AGENTS, for instance, are liquids 
or solids whose principal action is to cause 
violent coughing and sneezing, nausea, and 
vomiting. TEAR AGENTS are usually liquids 
whose vapors attack the eyes and induce a con- 
siderable flow of tears. Militarily, the primary 
purpose in uSing a vomiting agent is to prevent 
the victim from putting on his protective mask 
so that he could then become a casualty of the 
more deadly agents; the primary use for tear 
agents is for riot control. Both tear gases 
and chlorine may be used to check protective 
mask effectiveness and fit. 

Although INCENDIARIES are generally used 
to destroy material, they can be and often are 
used as antipersonnel agents. 

SCREENING SMOKES are used to obscure 
vision and hide targets or areas from view. 
Screening smokes are not considered to be 
toxic in concentrations which are useful for 
hiding purposes. However, exposures to heavy 
smoke concentrations for extended periods, 
particularly if near the source of emission, 
may cause illness or even death. In confined 
Spaces or closed compartments screening 
smokes are poisonous. 


CLASSIFICATION OF CW AGENTS 


For military purposes, chemical warfare 
agents might be classified according to their 
tactical uses. CW agents with the proper 
characteristics could be used as CASUALTY 
AGENTS—intended to cause a high casualty 
rate. The nerve agents are excellent examples 
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of casualty agents. On the other hand, the in 

tended tactical use might be to harass a: 
enemy or to lower his efficiency. CW agent:: 
which would be more irritating than poisonous 

such as the vomiting or tear agents, would b: 

used as HARASSING AGENTS. 

Some agents could be classed as eithe: 
casualty or harassing agents, depending upo: 
the conditions under which they were usec ' 
For example, an agent might cause a hig: 
casualty rate when used against a shore in- 
stallation, but under conditions at sea, it ma: 
act merely as an harassing agent. The man: 
factors which affect a CW agent —concentratior. 
wind, temperature, humidity, terrain, etc.- 
might also determine whether it will act as: 
casualty or an harassing agent. Of course, th: 


effects of these factors on an agent are bas- 
ically determined by its characteristics. 
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In World War I, CW agents were sometime: 
mixedinasingle shell, or were more com monl; 
used in a simultaneous attack by differen: 
agents. Though there were various reason: 
for this tactic, one effect was to confuse anc 
mislead the defense. For example, a barrag: 
of strong-smelling phosgene might mask the 
arrival and presence of the much more effec- 
tive and long-lived mustard. The same prin- 
ciples still hold today. Therefore, some 
Specialists believe that the chemical warfare 
of the future may well be fought with new. 
mixed, modified, thickened, or otherwise al- 
tered agents. Accordingly, while the charac- 
teristics of pure CW agents are important, we 
Should not depend too strongly on the appear- 
ance, properties or effects of an enemy's CW 
agents being just like our own, or like the 
pure agents. 


CHARACTERISTICS AND EFFECTS OF 
CW AGENTS 


The Nerve Agents I 

The nerve agents represent the most recent 
development in offensive chemical warfare. 
The outstanding characteristics of nerve agents 
are their lack of properties which would make 
them immediately and easily detected, and the 
rapidity with which very small concentrations 
can produce casualties and death. 

Among the more recently developed agents 
in this group are those which act most effec- 
tively through the skin. A single droplet splash 
or even an invisible spray of these agents on 
the skin would be enough to cause death. The 
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-"ignificance of this development is that the 
‘Srotective mask alone is not adequate protec- 
‘fon. Exposed skin of the back of the hand, or 
^ven the lobe of the ear, is an open portal of 
"*ntry to this poisonous material. 

Although a number of nerve agents have 
een investigated, unclassified data are cur- 
-ently available on only the G-series agents: 
"abun (GA); sarin (GB); and soman (GD). The 
‘yhysical properties of these agents are very 
-3imilar. GA is a colorless to brownish liquid 
which gives off a colorless vapor; GB and GD 
‘are both colorless liquids which give off color- 
-ess vapors. For all practical purposes, they 
are odorless. GA and GD are relatively long- 
-ived; GB is short-lived. 

2 The nerve agents effect their results by 
:1psetting the chemical balance of the nervous 
system. In the body this balanceis maintained 
“yormally by the reaction between two sub- 
‘stances. The nerve agents react with one of 
these substances, thus preventing its normal 
action. This causes the symptoms of nerve 
‘agent poisoning, which include constriction of 
the pupils of the eye, headache, excessive 
sweating, twitching of the muscles, and tight- 
‘ness in the chest. 

; In their action on metals, these agents are 
‘only slightly corrosive. All nerve agents, how- 
‘ever, can seriously poison food and water. 


: The Blister Agents 

j The first symptom of a blister agent injury 
‘usually appears as an eye irritation. Later 
other body parts, particularly those parts which 
perspire easily, are involved. These effects 
consist of reddening of the skin followed by 
blistering and the forming of ulcers or open 
sores. If vapors have been inhaled, the lungs 
will also be injured. 

Historically, the blister gases were intro- 
duced after the lung irritants had been devel- 
oped. In World War I the Germans had used 

lung irritants effectively and extensively up to 
the year 1917, but the efficiency of gas masks 
had been increased to such an extent that the 
lung irritants were no longer fully effective. 
So the Germans concluded that a new type of 
agent was needed—an agent which would be ef- 
fective in spite of a mask, an agent which 
would attack all parts of the body. Mustard 
was developed as a result of this need. It is 
poisonous; it has multiple effectiveness; and 
will pass through almost any ordinary type of 
clothing. It proved to be efficient and wasused 
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throughout the remainder of the war. To be 
sure other blister agents were developed, but 
practically speaking, mustard was the only 
blister agent used in World War I. 

In a pure state, mustard is a yellowish, 
oily liquid. It isused in two forms: unpurified 
(CW symbol—H) and distilled (CW symbol —HD). 
Its vapors are quite dense—about five and half 
times as dense as air. 

Because of its high boiling point, liquid 
mustard evaporates slowly at normal tempera- 
tures and consequently remains active for a 
considerable time after application. In fact, 
the agent may remain active for as long as 
several weeks inthe winter. On theother hand, 
the warm temperatures of the summer, as- 
sisted by the wind and rain, may reduce its 
activity to about a day. Almost every ship- 
board surface or material, except bright metal 
and glass, absorbs some mustard and retains 
it more or less tenaciously. Regardless of 
weather and wind, no shipboard surface con- 
taminated, with mustard should be considered 
COMPLETELY free of this agent unless a 
negative test is obtained with a detector kit. 

The action of mustard is often delayed, and 
its effects may not be experienced until about 
four to six hours after exposure. The first 
effects consist of eye irritation. The more 
sensitive body parts are next affected, and a 
series of symptoms ranging from slight red- 
ness to blistering and the forming of ulcers 
follow. If the respiratory passages have been 
affected, symptoms varying from hoarseness 
to acute breathing difficulty will be observed. 

Because this agent can be dissolved by fats, 
it may be dissolved in foodstuffs and make 
them poisonous. The action on metal is very 
slight. 

Mustard can be easily dissolved in such 
commercial solvents as benzene and cleaning 
fluid, and in motor oils, but it is only slightly 
soluble in water. On prolonged standing, it 
reacts with water to produce harmless sub- 
stances. 

Although mustard was enormously effective 
under battle conditions, it nevertheless pos- 
sessedcertainlimitations. Its long-lived prop- 
erty limited its use in offensive weapons and 
made it difficult to occupy the territory that 
had been attacked. Its disabling physiological 
effects appearedtoo slowly; the retarded effects 
on the body made it possible for an enemy to 
fight for some time after exposure. A new 
agent that was shorter-lived and speedier in 
action was required. 
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Lewisite (CW symbol—L) is an arsenic com- 
pound which was developed by the United States 
as a result of this need. 

The physiological properties of lewisite are 
similarto those of mustard, yetthere are some 
significant differences.  Lewisite possesses 
the capacity of entering the blood stream and 
poisoningthe system. It acts morequickly than 
mustard, has a more pronounced effect upon 
the eyes, and causes additional effects as a 
result of its arsenic content. On contact with 
the skin or the eyes, it causes a stinging sen- 
sation, thus revealing its presence at once; 
and it is rapidly decomposed by water to a 
solid compound of only nuisance value. The 
last characteristic obviously reduces the effec- 
tiveness of lewisite at sea essentially to zero. 

Lewisite is a colorless, oily liquid. The 
vapor produced as it volatilizes (evaporates) 
is about seven times as dense as air. 

Like mustard, lewisite can be dissolved by 
fats and therefore willbe absorbed by foods, 
making them poisonous. 

Lewisite corrodes metal, particularly if 
much moisture is present. Mustard and Lew- 
isite can be used in combination. 

Although the composition may be varied, 
the mustard-lewisite mixture (CW symbol— 
HL) is commonly composed of equal parts of 
lewisite and mustard. Because of the presence 
of two blistering agents, HL takes on the prop- 
erties of both. The symptoms are the typical 
blistering symptoms plus those resulting from 
systemic poisoning. The general observations 
regarding mustard and lewisite apply to this 
mixture. 

The nitrogen mustards (CW symbols—HN-1 
and HN-3) are acomparatively recent develop- 
ment in chemical warfare. They were devised 
in an effort to create a blistering agent which 
would have a greater effect on the eyes and 
which would have comparatively little odor. 
The nitrogen mustards have these qualities 
and are also comparatively long-lived. They 
are a "family" of CW azents which are related 
to each other but which differin physical state 
and effect. They may be solids or liquids. 
Their color may range from colorless to pale 
yellow. In their contact with the skin the 
nitrogen mustards exert the usual blistering 
action, but the effect is less marked than that 
of mustard. 

The nitrogen mustards are slightly soluble 
in water, but if the water is made more acidic, 
their solubility is greatly increased. They 
react with water rather slowly. Their action 
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on metals is very slight. Like the other bli: 
tering agents, the nitrogen mustards may 
absorbed by foods and thus make them po. 
sonous. The chances of encountering the 
agents at sea are less than they are ashor 

The so-called "nettle" agents are primari: 
irritants to the skin and mucous surfaces, b: 
they differ from mustard in that they produc 
an immediate sensation of pain. This pz 
may vary from a mild prickling to a feeliz 
resembling that caused by a severe bee stir; 

Phosgene oxime (CW symbol—CX) isz 
example of a nettle agent. Itis a low meltiz: 
solid, readily soluble in water. It is especial: 
effective in the form of a liquid. 


The Blood Agents 


Blood agents are absorbed into the boc 
and produce their effects by interfering wit! 
respiration and other body functions. Like th 
G-agents, most blood agents are rapid in actio: 
-—quick killers—and relatively short-livec 
Generally, if speedy death has not resultec 
complete recovery from effects of the bloc 
agents will take place within a few hours. 

Although hydrogen cyanide (CW symbol—AC 
is one of the most deadly poisons known, it i: 
one of the least effective CW agents because i: 
evaporates rapidly, the vapors are less dens: 
than air and hence fail to provide a blanket o 
the gas, and the poisoning effects do not accum- 
ulate as exposure continues. 

In a pure state, AC is a colorless liqui: 
which boils at about room temperature. ]ti:- 
highly soluble in water and in the usual com- 
merical solvents such as alcohol. 

Exposure to low concentrations of this agen: 
results in giddiness and headaches. Exposure 
to high concentrations causes almost instan ' 
death because of failure of the central nervous | 
system and the respiratory system. | 

The agent has little or no effect on metals | 
and other materials. It is absorbed by food- | 
stuffs. 

Cyanogen chloride (CW symbol—CK) was 
introduced by the Frenchin 1918. It was hoped 
that this agent would prove to be comparable 
to hydrogen cyanide in its poisonous effects, 
and that the undesirable qualities of the latter x 
substance would be minimized. To an extent. 
these aims were realized. | 

Cyanogen chloride is a gas which may be 
liquefied readily. The boiling point of the liquid 
is slightly below normal room temperature, 
and the vapors are about twice as dense as 
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‘ir. It has a pungent, irritating odor and 
auses tears to flow and the skin to sting or 
-ch. It reacts rather slowly with water and 
ts action on metals is slight. Its stability is 
imilar to that of hydrogen cyanide. Under 
-eld conditions, no decontamination measures 
‘ther than aeration need be taken, for CK is 
"hort-lived. 
^ The effects of CK on the skin and eyes are 
^ot very serious. Its effects on the body are 
imilar to those of hydrogen cyanide. 


ke Choking Agents 
E 


The choking agents, or lung irritants, are 

‘ubstances which, when inhaled, cause irrita- 
ion and inflammation of the respiratory sys- 
em. Thechoking agents have the same general 
"haracteristics; they require a làrge concen- 
-ration for effective action, their action is 
affective on very short exposure (although the 
Appearance of symptoms may be delayed), and 
-he physiological results are much alike. These 
"esults consist of irritation of the respiratory 
‘yassages, injury to the respiratory tissues, 
‘and at the extreme, death from the collection 
-f fluids in the lungs. 
1 Phosgene (CW symbol—CG) is an example 
5f a choking agent. From its name, one would 
chink that phosgene contains phosphorus, a 
substance used in chemical warfare as an 
incendiary; but the name is misleading. 
actually a compound formed from carbon 
monoxide (a substance contained in auto- 
mobile exhaust fumes) and chlorine. This sub- 
‘Stance has long been an item used in industrial 
chemistry and has been known to chemists for 
more than 100 years. It is not surprising, 
therefore, that phosgene was used for chemical 
‘warfare. It ischeap and a plentiful supply is 
‘available even in time of peace. 

In spite of its merits, phosgene has certain 
‘undesirable characteristics as a CW agent. 
‘The fact that it reacts quite easily with water 
limits its use to dry weather. This trait re- 
‘sults in several other undesirable character- 
‘istics. It permits simple, effective decon- 
;tamination methods, and makes for difficulty 
‘in storage. Storage tanks of phosgene have 
broken because a slight amount of moisture in 
¿the tank resulted in the decomposition of the 

phosgene, which in turn resulted in an exces- 
;Sive pressure within the tanks. 
; The low boiling point of phosgeneis at once 
;an asset and a liability. Because the phosgene 
; boils at 48° F.—about 20°F. below normal room 
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temperature—it is easy to set up large con- 
centrations of the gas. For the same reason, 
it is difficult to fill containers with the agent. 
In actual practice, refrigeration is required. 

Phosgene is a colorless liquid when stored 
under pressure or when cooled to temperatures 
less than 48°F. The change from a liquid to a 
gas produces a vapor about three and a half 
times as dense as air. 

It is characteristic of phosgene that the 
symptoms are delayed, even though fatal ex- 
posure has occurred. The victim is usually 
completely unaware of his condition and con- 
tinues to be active for several hours after 
exposure. Then weakness develops, respira- 
tory difficulties appear, and the collection of 
fluids in the lungs results in death in about 24 
hours. Any exposure after symptoms develop, 
however slight, requires complete and im- 
mediate rest. 

Phosgene cannot be said to be soluble in 
water for it undergoes almost instantaneous 
reaction with it to form harmless substances. 
It is soluble in such solvents as benzene, how- 
ever. Its action on metal is considerable if 
moisture is present. Unlike the preceding 
gases, phosgene vapor has no poisonous effect 
upon foods; it is too readily destroyed. 


The Vomiting and Tear Agents 


Vomiting and tear agents are of secondary 
interest only as CW agents. In fact, they are 
not casualty agents at all; this property, to- 
gether with their intense harassing effects 
makes them useful as riot-control or CW 
training agents. 

The VOMITING AGENTS were last in the 
succession of chemical warfare agents to ap- 
pear in World War I. Protective measures 
against the choking agents had developed to 
such a degree that these agents were no longer 
fully effective. The Germans realized that the 
success of their great offensive was dependent 
upon effective gas attacks, and accordingly 
they set forth to develop an agent which, even 
though not highly poisonous, would cause nausea 
and require the removal of gas masks. Thus 
exposed, the victim would become a certain 
casualty of the more deadly agents accompany- 
ing the vomiting agent. 

Vomiting agents are high melting point solids 
which are dispersed as fine dust by heat or an 
explosive charge, and which do not vaporize 
readily. In general, the common traits of the 
vomiting agents include the following: they are 





effective in low concentration; their effects 
are observed almost immediately, are tempo- 
rary, and are localized; and they are short- 
lived. 

The success of the German vomiting agents 
clearly pointed up the necessity to the Allies 
of a similar agent. Adamsite (CW symbol— 
DM) was developed in response to this need by 
Dr. Roger Adams of the University of Illinois. 

As commonly encountered in the field, 
adamsite is a brown-green solid which will 
vaporize, when heated, to form a yellow smoke. 
It is very stable and remains active even in 
the presence of water. 

Theinitial symptoms produced by adamsite 
consist of violent coughing and sneezing. 
Severe headaches, chest pains, nausea, and 
vomiting then follow in quick succession. On 
leaving the scene of the attack, the victim's 
symptoms subside rather rapidly, and the 
severe discomfort vanishes after about one- 
half hour. After about three hours, the victim 
is able to resume his duties. 

The agent exerts some corrosive action on 
metals and is absorbed by foods, making them 
poisonous. 

TEAR AGENTS attack the eyes, causing a 
considerable flow of tears, and irritate the 
skin. Their action is usually temporary and 
slight. Ordinarily, tear gas casualties do not 
require medical attention. 

Chloroacetophenone (CW symbol—CN) was 
not used in World War I, but it was in near- 
readiness at the end of the war. 

CN is a colorless, crystalline solid. The 
vapors are about five times as dense as air. 
It is slightly soluble in water and remains un- 
affected by this solvent, even after long contact. 

CN acts as a typical tear producer, but in 
addition, may act as an irritant to the upper 
respiratory passages. In high concentrations, 
.it may also mildly affect the skin, producing a 
redness. 

CN has avery slight action on metals but 
makes foods poisonous. 


The Incendiaries 


While incendiary weapons are now firmly 
entrenched in the chemical warfare system, 
their presence there is probably an accident 
of history, or a convenient lumping together of 
weapons which were at one time odd or unusual. 

Incendiary weapons, unlike the gases, are 
primarily concerned with material damage 
rather than with the infliction of casualties. 
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Of course, the incendiaries have been us: 
against personnel, but a broad survey indicat: 
that they found greatest application in t: 
destruction of industrial installations, housir: 
ammunition, fuel dumps, etc. 

Modern military incendiaries may be divid: 
into three categories—oil, metal and a cor- 
bination of oil and metal. Incendiaries mz 
also be divided into the spontaneously flar- 
mable materials, such as phosphorus, and thos 
agents which require ignition, such as maz- 
nesium and thermite. 

OIL INCENDIARIES. — This weapon contri- 
uted materially to our success against t: 
Japanese in the Pacific during World War E 
(See figure 3-5.) In 1942, the Japanese hz: 
entrenched themselves in cocoanut-log bunke:: 
and had completely halted our advance c 
Guadalcanal. These bunkers were nearly ir- 
pregnable, and ordinary artillery had prove: 
incapable of dislodging the enemy. After: 
short course of instruction in the use of tt: 
flame-thrower, the Marines attacked bunke: 
after bunker. 

In view of the fact that the flame-throwi:: 
technique was so successful in the Pacific, it: 
use was extended tothe Europeantheater. Her 
it was not entirely effective at first, princi- 
pally because of the limited rangeof the avail- 
able flame-throwers and because the incer 
diary was largely consumed in its passage t 
the target. These defects were remedied t 
an extent by the use of heavier oil, but th: 
problem was not completely solved until M: 
thickener (Napalm) had been developed. Whe: 
mixed with gasoline, this agent forms a jell: 
which holds the gasoline mechanically. By it: 
use, the gasoline may be ejected from a flame- 
thrower and be only slightly consumed befort 
it reaches the target. On reaching the target 
it scatters in "blobs" which burn sufficienti: 
slowly to assure a maximum of incendiary 
effect. Of course, the oil incendiaries were 
not confined to the flame-throwers; they were 
widely used in incendiary bombs as well. For 
example, more than 750,000 napalm bomt 
clusters were droppedin Japan alone (fig. 3-6). 

Another agent, filling approximately the 
same role as M1 thickener was IM. This sub- 
stance is a derivative of a synthetic rubber 
and provides a better burning composition 
than M1. | 

In most cases oil incendiaries are equipped 
with white phosphorus igniters to insure igni- 
tion because the bursting charge may or may 
not cause ignition. Since ignition of white 









P 

“phosphorus is prevented by water, a sodium 
“igniter is used in an oil incendiary to be 
'dropped over water. 


METAL INCENDIARIES. —Metal incendi- 
-aries include those consisting of magnesium in 
"various forms, and powdered or granular 
;aluminum mixed with powdered iron oxide. 
‚Magnesium is a soft metal which, when raised 
.to its ignition temperature, burns vigorously 
„in air. In either solid or powdered form it is 
, uged as an incendiary filling; in alloyed form 
; it is used as the casing for small incendiary 


— 


, bombs. Magnesium, thermite and thermate 
. are examples of metal incendiaries. 


pa^ 


: OIL. AND METAL INCENDIARY MKX- 
; TURES. —PT-1 is a complex mixture based on 
# "goop", a paste made of magnesium dust, mag- 
ï nesium oxide, and carbon with a sufficient 
í amount of petroleum distillate and asphalt to 
ï form the paste. Incendiary bombs containing 

PT-1 mixture are easily ignited by nose and 
4 tail fuzes since they contain many combustible 
* ingredients. The same type of dispersed in- 
t cendiary effect is obtained as with oil incen- 
i! diaries. 
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y Figure 3-5.—A portable flame thrower in action. 


The Screening Smokes 


The agents just discussed are essentially 
offensive weapons. The screening smokes 
discussed here are essentially defensive weap- 
ons; their function is to hide personnel and 
installations. As is the case with incendiaries, 
screening smokes are classified as chemical 
warfare agents largely as a matter of con- 
venience. They are not anti-personnel agents; 
that is, they do not produce casualties, and only 
in the rarest cases are they harassing. 


Technical, a smoke is a dispersion of 
extremely fine solid or liquid particles sus- 
pended in the air. (See figure 3-7.) Such 
particles reflect and absorb light and result 
in typical smoke clouds. 

White phosphorus (CW symbol—WP) and 
plasticized white phosphorus (CW symbol— 
PWP) are examples of substances used to pro- 
duce screening smokes. 

Direct physical contact with solid phos- 
phorus will result in painful slow-healing 
burns. The smoke produced by the combustion 
of white phosphorus willirritate the eyes, nose, 
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Figure 3-6. —Twin masses of fiery napalm mark direct hits on a rail junction. 


throat, and lungs, but these symptoms are 
rarely pronounced. | 


The smoke developed from WP is corrosive 
toward metals, but it does not make foodstuffs 
poisonous. 


HC mixture (CW symbol—HC) uses hex- 
achloroethane—a substance closely related to 
carbon tetrachloride—for the production of 
smoke. 


The physiological effects of HC smoke are 
somewhat more drastic than those observed 
from WP, for this smoke is poisonous. 


Sulfur trioxide-chlorosulfonic acid solution 
(CW symbol—FS) is another very effective mix- 
ture that has been adopted asa standard smoke 
agent. 


FS is irritating to the eyes, nose, throat 
and lungs as ordinarily used, but it is non- 
poisonous. The liquid agent, however, is highly 
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corrosive and should not be permitted to come 
in contact with the skin. 

During World War II anew method of smoke 
generation was developed, based on production 
of minute oil particlesby use of purely physical 


means. Theoilsusedare straight, non- additive | 


petroleum oils of high flash point, Similar to 
light lubricating oils, and are generally known 
as fog oil. The symbols are SGF1 and SGF2. 
Oil fog generators burn gasolineor other fuel, 
and the fog oilis vaporized in the hot exhaust 
gases. 
air, the oil vapor cools and condenses into a 
white smoke or fog of high obscuring power. 

The oil smokes are the least poisonous of 
the screening smokes; breathing or working in 
petroleum oil smoke for even extended periods 
seldom produces any ill effects. Since it is a 
petroleum oil, this smoke is non-corrosive; in 
fact, any condensations would have a lubri- 
cating or protective effect on metals. 








As they expand into the surrounding | 
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Figure 3-7. —À pontoon bridge is being constructed under this smoke screen. 


QUIZ 


Biological and chemical warfare agents are 
de signed primarily as agents. 


The use of living agents, or their toxic 
products, to produce disease or death of 
personnel, aminals or plants is called: 

a. atomic warfare 

b. chemical warfare 

c. radiological warfare 

d. biological warfare 


Biological agents (can)(cannot) be detected 
by the physical senses or bv chemical de- 
tectors. 


The time lag between exposure to a bio- 
logicalagent and the onset of disease symp- 
toms will usually be a matter of: 

a. hours 

b. days 

c. minutes 

d. months 


569740 O - 60 - 4 
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5. The five groups of BW agents are the ——, 
— i ig = S and a =; 
6. Militarily, BW agents can be classified on 


NO 


the basis of. 1, "7 and  _. 


. Organisms which will be affected unfavor- 


ably by changes in temperature, food, mois - 
ture, light, or exposure to air are classed 
as: 

persistent agents 

contagious 

nonpersistent agents 

virulent 


eng» 


Bacteria are very small. . _ organisms. 


An example of adisease caused by bacteria 
is: 

. tuberculosis 

. typhus 

. psittacosis 

. wheat rust 


aan» b 
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10. 


11. 


12. 


13. 


14. 


15. 
16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


CW agents, like the BW agents, are used 


Rocky mountain spotted fever is an exam- 
ple of a disease caused by —— s 


Viruses (are)(are not) visible under the 
ordinary microscope. 


Corn smut is an example of a disease 
caused by: 

a. protozoa 

b. bacteria 

c. viruses 

d. fungi 


Chemical compounds which cause trees 
and shrubsto drop their leaves are called 


Diseases of the respiratory tract (are) 
(are not) difficult to control. 


Define infection. 


The time between the entrance of the 
organisms into the body and the appear- 
ance of symptoms is called the: 

a. time lag 

b. incubation period 

c. immune period 

d. rest period 


Substances produced by the body to destroy 
or neutralize invading organisms are 
called: 

a. antibodies 

b. hosts 

c. abscesses 

d. vaccination 


The increased resistance of the body fol- 
lowing infection or vaccination is called: 
a. susceptibility 
b. neutralization 
c, immunity 
d. expiration 


The principal goal of chemical warfare is 
and 


chiefly for their effects on. 1 1 1. 


The six categories of CW agents are the 


9 ———— n 9 ——Th 9 
; kandan 


CW agents which radically disturb the 


chemical processes of the nervous sys- 
tem are the: 

a. blister agents 

b. choking agents 

c. blood agents 

d. nerve agents 


Choking agents produce vapors capable of 
causing injury in the: 

nervous system 

respiratory system 

circulatory system 

. genito-urinary system 


oct 
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24. 


25. 


26. 


a7. 


28. 


29. 


30. 


3T. 


32. 


33. 


34. 


35; 


Vomiting agents cause: 
a. paralysis 
b. flow of tears 
c. coughing and sneezing 
d. blistering 


Constriction of the pupils of the eye, 
headache, excessive sweating, twitchinz 
of the muscles, and tightness in the ches: 
are symptoms of 
poisoning. 


The first symptom ofa blister agent usually 
appears as an 


The action of mustard is often delayed, 
and its effects after exposure may not be 
felt for about: 

a. eight to ten hours 

b. four to six hours 

C. six to eight hours 

d. two to four hours 


Lewisite differs from mustard in that it 
can: 

a. blister the skin 

b. enter the respiratory system 

C. be dissolved by fats 

d, enter the blood stream 


The 'nettle'" agents differ from mustard 
in that they produce an immediate: 

a. sensation of pain 

b. feeling of nausea 

c. desire to vomit 

d. headache 


Blood agents either cause speedy death or 
complete recovery will take place within: 
a. a few weeks 
b. a few minutes 
c. a few hours 
d. a few days 


A limiting characteristic of phosgene is the 
fact that it reacts with — 1 1 1, 


The effects of vomiting agents are: 
a. temporary 
b. fatal 
c. dubious 
d. permanent 


The action of tear agents is usually: 
a. temporary and drastic 
b. temporary and slight 
c. permanent and slight 
d. permanent and drastic 


Incendiary weapons are primarily con- 
cerned with damage rather than 
with the infliction of casualties. 


Screening smokes are essentially 
weapons. 








CHAPTER 4 


DETECTION AND IDENTIFICATION 


- OF ABC WARFARE AGENTS 


s METHODS OF DISSEMINATION 


. A variety of weapons and methods may be 
ised in an ABC attack. It is possible, and 
jrobable, that two or more types of weapons 
would be used at the same time if the mission 
were sufficiently important. 

Atomic and hydrogen BOMBS can be dropped 
from airplanes. Aircraft may also be used to 
deliver various biological and chemical agents, 
either in bombs or in the form of minute par- 
ticles called AEROSOLS. Aerial spray may 
be a favored method of delivering certain BW 
and CW agents infuture warfare. This method 
of delivery could also be adaptedto radiological 
‘warfare agents. 

Development of the U. S. Army's 280 mm. 
atomic cannon established a new method of 
delivering atomic PROJECTILES. In the past, 
chemical warfare agents were incorporated in 
projectiles and used effectively. A similar 
possibility exists with selected BW agents, 
although for technical reasons it appears more 
probable that these agents would be delivered 
as aerosols. ABC projectiles may be used by 
land forces advancing againsta given position; 
they may also be used for hit-and-run attacks 
by submarines. Thetypes of weapons selected 
would depend on the objective of an enemy: 
that is, structural damage, casualties, or the 
denial of an area through contamination. 

MISSILES, obviously, provide another means 
of delivering AW weapons or an assortment of 
RW, BW, and CW agents to a target area. The 
German V-1 and V-2 weapons of World War II 
pointed the way for this kind of development. 
They did considerable damage, although their 
pay loads were limited to high explosives. 

It is evident that nuclear warheads in mis- 
siles are potentially far more effective than the 
conventional high-explosive warheads. Such 
weapons provide a means of delivery at medium 
andlong ranges without the use of manned air- 
craft. Moreover, the use of BW and CW agents in 
the warheads is a possibility. Delivery of BW 
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and CW agents atthe target could be by means of 
spray devices or clusters of small bombs 
contained in the warheads of missiles. 

Consideration must be given to the possi- 
bility of the use of BALLOONS to carry in- 
cendiaries, other CW agents, or RW and BW 
agents. -In addition, BW agents might be car- 
ried to a target area by flying animals such 
as birds and bats, or by insects. 

SABOTAGE provides another potential 
method for theuse of ABC weapons andagents. 
In general, the methods employed in sabotage 
are limited only by the nature of the security 
measures in force and the imagination of the 
saboteur. BW agents would be most effective 
for this method, although AW weapons and 
certain CW agents cannot be ruled out as pos- 
sibilities. 


NEED FOR EARLY DETECTION 
AND IDENTIFICATION 


Ashore, as aboard ship, the objective of 
ABC warfare defense is to insure the continu- 
ation of offensive effort. Protection for per- 
sonnel, equipment, and material against ABC 
attack is provided primarily to maintain a 
ship's or station's offensive and defensive 
power by keeping all of its facilities in opera- 
tion. Immediate detection and rapid identifi- 
cation of agents are of primary importance. 
The deadly effects of large doses of nuclear 
radiation and of fast-acting CW agents make 
immediate detection essential; andthe epidemic 
nature of BW agents makes rapid identifica- 
tion vital. Positive identification of an agent 
is essential if the most effective measures 
are to be used. 

The very nature of ABC agents makes de- 
tection and identification difficult. In an atomic 
attack, the blast and the heat of an exploding 
bomb can be seen, heard, or felt; the nuclear 
radiation cannot. If a strictly radiological 
attack is carried out, there may be no 
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explosion and consequently no blast or heat. 
Radiological agents are normally materials 
which emit gamma radiation and which may 
also emit alpha and beta radiation. These ma- 
terials may be dispersed as dust or larger 
particles, which may or may not be visible. 
However, the fact that you may see a cloud 
does not tell you what KIND of radiation it is 
emitting—or if it is emitting any radiation at 
all. You can't see it, smell it, or feel it. 


Similarly, a lack of a characteristic color 
and odor and the very small size of biological 
warfare agents make it possible for them to be 
present without arousing suspicion. The long 
incubation periodof most pathogenic (disease- 
causing) agents wouldprobably serveto ensure 
serious infection before the first symptoms 
appeared to reveal the nature of the hazard. 

Although some chemical warfare agents do 
have a characteristic color and odor, recent 
developments, such as the nerve agents, are 
generally colorless and odorless. 


It is obvious, then, that with agents which 
you cannot see, smell, feel, taste, or hear, 
other methods of detection must be used. Ex- 
posure to sufficient quantities of certain agents, 
Such as nerve agents or gamma radiation, 
will produce early symptoms which could be 
used to detect and identify these agents. Me- 
chanical and chemical means of detection are 
also available and are especially valuable 
against the biological warfare agents whose 
symptoms usually do not appear for a matter 
of days or weeks. 


Although not a true means of detection, in- 
telligence information can be of great value in 
offsetting the limitations of detection. Adequate 
defense against atomic, biological and chemi- 
cal warfare requires knowledge of the capa- 
bilities of any possible aggressor well in 
advance of an attack. Accurate knowledge of 
contemplated attacks and a complete under- 
standing of enemy capabilities in ABC warfare 
are defensive objectives that can be accom- 
plished only through intelligence. 


Because the immediate and rapid detection 
and identification of ABC warfare agents is so 
very important to defense, every available 
method must be considered. The fact that 
there are differences between atomic agents, 
biologicalagents and chemical agents requires 
separate methods of detection and identifica- 
tion. These methods are discussed as they 
apply to each of the three types of agents. 
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PRINCIPLES OF DETECTION 


Radiation Detection With 
Radiac Instruments 


Since nuclear radiation cannot be detecte: 
by any of the five senses, special instrument: 
and devices have been developed to do this jot 
From the military standpoint, we notonly nee 
to detect radioactivity, but we need to kno: 
where the radiation is and how much. For 
these purposes we have radiac instruments. 
RADIAC is the short term for radioactivit; 
detection, indication, and computation. 
Radiac instruments are designed to detect 
alpha, beta, gamma, and neutron radiation, tc 
measure the extent and intensity of contamina- 
tion, to provide means for calculating the length 
of timethat contamination willexistin an area. 
and to protect personnel by providing means 
for determining the radiation dose they receive. 

Basically, Navy radiac equipment developed 
to date operates on one of three principles: 
gas ionization; internal physical change, as 
occurs in a specially prepared phosphor glass 
badge; and chemical change, as occurs with 
the darkening of photographic film. 

In GAS IONIZATION, the radiation enters a 
gas chamber and creates chargedatoms which 
give up their charges as they reach the plates 
of the gas container, thus causing a smal 
electric current to flow. The amount of cur- 
rentis proportional to the amount of radiation. 
By amplifying it electronically, we can meas- 
urethis current and read the amount of radia- 
tion in roentgens or milliroentgens (a milli- 
roentgen is 1/1000 of a roentgen) on a meter. 
This is the principle on which most Navy 
radiac equipment operates. 

The PHOSPHATE GLASS detection device is 


one whichuses the principle of internal physi- - 
The phosphor glass is especially 


cal change. 
prepared so that exposure to gamma radia- 


tion produces changes in its internal structure. | 


The glass is examined by certain special wave 
lengths of light which cause the glass to glow 
if it has been exposed to radiation. The phos- 
phorescence is picked up with a photocell and, 
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through an amplifier, is made to indicate the 
radiation exposure of the glass on a meter 


calibrated in roentgens. 


The special light 


source, photocell, meter and other items re- ` 


quired for reading the phosphor glass are con- 
tainedin a separate device called a "computer 
indicator." This principle is used to record 
an overall operation dose. Phosphate glass, 
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like photographic film, shows the total ac- 
cumulated dose. It may be usedas a permanent 
record of an individual's exposure to radia- 
tion. 

PHOTOGRAPHIC FILM, which is like the 
film you have used in your camera, is affected 
by radiation. The degree of darkening of the 
film, whichis also the degree of exposure to 
‘radiation, is determined by an instrument with 
a photocell called a densitometer. This is the 
principle of operation of the film badges used 
‘for health protection in laboratories and in 
‘atomic field tests. The film measures only 
the total accumulated radiation dose, and once 
:developed it cannot be used again. 


: Detection of Biological Warfare Agents 


Until it is determined that biological attack 
is actually occurring or is about to occur, 
‘many of the defensive measures would not be 
put into operation. With rapid detection and 
identification it is possible to begin specific 
treatment, immunization programs, or other 
measures to prevent the occurrence or spread 
of infection. 

There are no simple and rapid methods 
available for detection of BW agents such as 
those existing for chemical warfare agents 
and for nuclear radiation. 

In general, there are two kinds of detection 
which can be used for BW agents. One is based 
onthe measurement of particles within a spec- 
ified size range, and possibly the simultaneous 
measurement of other physical properties of 
these particles. This method is called PHYS- 
ICAL DETECTION. It may indicate that an 
attack is in progress, but it does not reveal 
which organism is involved. Research on the 
development of more effective methods of 
physical detection is currently underway. 

Positive detection andidentification of a BW 
agent are obtained by growing the organisms, 
examining them under the microscope, and 
Subjecting them to a variety of biochemical 
and biological tests. Identification of the 
agent by such tests is known as BIOLOGICAL 
DETECTION. 

Biological detection of agents is a difficult 
and exacting procedure and may be divided 
into two phases: namely, the sampling phase 
and the laboratory phase. If the first indica- 
tion of biological attack is the appearance of 
illness among personnel, the detection, identi- 
fication, and treatment become primarily a 
medical problem. However, the goal in 
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biological detection is to revealand to identify 
the agent before the appearance of symptoms 
or illness in personnel. 

The first step in the biological detection 
and identification of a BW agent is to obtain a 
few carefully selected samples for laboratory 
examination. Samples should be taken over a 
wide area and should include any materials 
suspected of being contaminated. These ma- 
terials may include air, surfaces of bulkheads, 
decks, equipment and clothing, water, food, 
bomb or other munitions fragments, and ma- 
terials from similar places where the agents 
may lodge. If exposed to a cloud of an agent, 
air samples andsamples of likely contaminated 
surfaces should be taken. Air sampling may 
be done by various sampling devices,the most 
common of which are the impingers. The 
general principle of air sampling is the same 
regardless of the method or device used, 
namely, the drawing or passing of air over a 
surface or through an orifice (opening) so that 
the organism may be trapped either in a solid 
or a liquid!medium and then grown in the lab- 
oratory. Air sampling may be quantitative as 
well as qualitative. It is desirable to know 
the concentration of the agent in the air as 
well as what the agent is, for it is an impor- 
tant factor in determining what countermeas- 
ures should be inaugurated. 


A water sample is taken in somewhat the 
same way as an air sample except that the 
impinger is not used. Instead, the sample of 
water is taken directly from the suspected 
source and filtered through the membrane 
filters. The agents are trapped on the mem- 
brane filter and processed for transportation 
to the laboratory in a manner similar to that 
for an air sample. 


Samples of surface contaminants may be 
obtained by wiping suspected surfaces with 
sterile cotton swabs. The contaminants are 
then transferred to plastic dishes containing 
material on which the organisms grow. These 
dishes are placed in an incubation vest for 
transportation to a laboratory. If a vest is not 
available, or if it is impractical to use the vest, 
the dishes are packed in ice for shipment to 
the laboratory. 

Samples of food and other solids may be 
collected in plastic bags and transported to 
the laboratory packed in ice. 

The problem of detection of biological war- 
fare agents in the laboratory is a broad and 
difficult one, for it is not limited to the usual 
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probabilities which guide the technician in the 
Clinical laboratory. Even: if there were some 
hint as to what agent was used, samples must 
be culturedin many different ways andin many 
different media. It is evident, therefore, that 
in order to be adequately prepared for the 
culture and identification of the large number 
and varied types of possible agents, the lab- 
oratories for detection of BW agents must be 
unusually wellequipped. Alsothe most highly- 
trained personnel must be used in biological 
detection work, and it must be made certain 
that the most effective techniques are care- 
fully employed. 


Detection of Chemical Warfare Agents 


Althoughit is possible to detect certain CW 
agents without the aid of special equipment, it 
is NOT advisable to trust the senses. In fact, 
to depend upon such senses as odor for detec- 
tion could be very dangerous, for to detect an 
odor you must inhale some of the agent. For 
one thing, individual interpretation of odors 
varies so widely that the identification of CW 
agents by smell is tricky and often unreliable. 
Then, too, many of the new CW agents have 
little, if any, detectable odor. Besides any 
such odor probably would be mixed with odors 
of burning explosives, incendiaries, combus- 
tible materials, and even decontamination ma- 
terials. The enemy might also attempt to 
conceal the use of a highly poisonous agent by 
mixing it with other agents to produce a con- 
fusion of odors. 

Although also unreliable, simple observa- 
tion might indicate a possible presence of a 
chemical warfare agent. Examination of a 
fresh shell hole or an area suspected of being 
contaminated with blister agent may reveal the 
presence of droplets of oily liquid. If the con- 
tamination has been very recent, the droplets 
will be apparent on the vegetation. If the area 
has been contaminated for several hours, the 
vegetation will become dry, parched, and brown. 
The extent of the contamination is then easily 
observed. Such contamination is evident even 
on aerial photographs. 

A simple gas shell, in contrast to a high 
explosive munition, produces a small detona- 
tion and a small cloud of dust, unaccompanied 
by a black smoke. However, certain chemical 
munitions may explode with a sound like the 
noise of a high explosive because of "acoustic 
camouflage." It should also be remembered 
that chemical munitions may be dropped in 


containers which break on impact without the 
use of an explosive charge at all. 

If a munition bursts and is followed by a 
vaporous cloudthat remains close tothe grounc 
and drifts with the wind, it may be assumec 
that a chemical attack has occurred. Any 
spray given off by aircraft may be assumed to 
be a CW or BW agent. Sucha spray may simpl; 
be a smoke screen, but it may also contain a 
CW or BW agent in addition. 

An observation of the immediate symptoms 
produced in personnel who have been exposed 
to CW agents may assist in the identification 
of the agent. These symptoms are discussed 
in chapter 5. 

Since sensory impressions of CW agents 
vary and cannot be depended upon to provide 
adequate warning of a chemical attack, it is 
imperative that chemical detection devices be 
used to ensure positive and rapid identification 
of poisonous agents. Various detection devices 
have been standardized for both the detection 
and the identification of CW agents. Most of 
these indicate the presence of agents by color 
changes which are chemically produced. To 
date it has been impossible to develop a single 
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detector whichis effective under all conditions 
for allagents. Therefore, a number of devices, 


such as crayons, paper, alarms and other 
apparatus, are used to detect the presence of 
these agents. 

Besides indicating the presence of poison- 
ous agents, some of these devices are useful 
in establishing the completeness of decontam- 
ination, in determining the presence of an 
agent in concentrations too low to be detected 
otherwise, and in estimating the hazard of 
operations in contaminated areas. 


DETECTION EQUIPMENT 


Radiac Instruments 


| 
x 
x 


There are several different types of radiac | 
instruments used by the Navy. A number of | 


these use the same basic principle of gas ion- 


ization. This group includes the ion-chamber 
survey meter, the Geiger-Mueller survey 
meter, and the pocket dosimeter. Survey 


meters are actually DOSE-RATE meters; that 
is, they tell you how "hot" the area is (intensity 
of radiation) in roentgens or milliroentgens 
per hour. Dosimeters measure the total dose 
of nuclear radiation received over a period of 
time in roentgens or milliroentgens. A dose- 
rate meter and a dosimeter may be compared 


` to the two functions of an automobile speedom- 
eter; the dose-rate meter is similar to the 
needle which tells you the speed of the auto- 
' mobile in miles per hour; the dosimeter is 
‘ similar to the mileage indicator which tells 
how many total miles you've travelled. 
In the ION-CHAMBER type of survey meter, 
: the chamber is usually an air-filled, plastic 
! container, treated so that the inner walls will 
conduct electricity. A wire or a network of 
` wires is sealed inside. A voltage is applied 
| between the container and the wires by means 
of a battery of about 100 volts. When nuclear 
! radiation enters the chamber, it produces ions 
in the gas; the positive ions are attracted to 
' the negatively charged plate (cathode), while 
! thenegative ions are attracted tothe positively 
' charged plate (anode). Asa result, there is a 
' flow of electric current between the cathode 
|! and anode whose strength is determined by the 
' rate at whichions are producedinthe chamber. 
' This current, which is very small, is ampli- 
| fied by means of an electronic circuit using 
; Special vacuum tubes. Attached to the circuit 
is a meter on which you can read the dose- 
rate directly in roentgens per hour. 
Ion-chamber instruments are made in a 
variety of forms for different purposes. The 
portable types have been particularly useful 
for measuring the dose-rate of gamma radia- 
tion of moderate or high intensities. Wide- 
range instruments recently developed can be 
used to indicate dose-rates from 0.5 milli- 
roentgens per hour to 500 roentgens per hour 
(0.5 mr/hr to 500 r/hr). 
| The ion-chamber, which is the actual 
| radiation-detection unit, is usually built into 
the body of the instrument. Sometimes it may 
be made in the form of a probe with a cable 
connection to the box which contains the am- 
plifying circuit, batteries and meter. This 
"probe" type instrument is useful for detecting 
contamination in recesses. The ion-chamber 
could also be mounted on the outside of a 
vehicle, with the rest of the instruments on 
. theinside. Inthis arrangement, the crew would 
. be partially protected from gamma radiation 
= by the "walls" of the vehicle or tank and it 
would be possible to survey (monitor) a con- 
' taminated area with less exposure of personnel. 
Most ion-chamber instruments are designed 
. to detect only gamma radiation, but they can 
. be adapted for use with beta and alpha particles. 
Some instruments are designed to detect both 
beta and gamma radiation. In these the cham- 
ber unit has a very thin "window" which will 
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permit the passage of beta particles, as well 
as gamma radiation, into the ion chamber, but 
will prevent the passage of the relatively 
larger alpha particles. 

GEIGER-MUELLER SURVEY METERS are 
often called Geiger counters. The detecting 
part of the Geiger counter is the Geiger tube. 
This is a cylindrical gas-filled tube with a con- 
ducting coating (cathode) on the inside of the 
tube wall and a fine metal wire (anode), insu- 
lated fromthe cathode, running down the center 
of the tube. (See figure 4-1.) The cathode is 
attached to the negative pole and the anode to 
the positive pole of a high-voltage source 
(battery). Geiger counters require 700 to 1,000 
volts instead of the 100 volts used for the ion- 
chamber type of instruments. When nuclear 
radiation enters the tube, ions are produced 
in the gas. Because of the high voltage, the 
negative ions move rapidly toward the wire. 
If the voltage is sufficiently high, these fast- 
moving electrons act like nuclear radiations 
and are able to produce more ions in the gas. 
The negative ions so formed are, in turn, ac- 
celerated by the high voltage and they produce 
still more ions, and so on. 
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Figure 4-1.-Diagram of the Geiger counter. 
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Under proper conditions, a single pair of 
ions formed in the Geiger tube by nuclear ra- 
diation will result in what is called an ioniza- 
tion "avalanche." Each "avalanche" is equiv- 
alent to a large PULSE of current through the 
tube and this, with little amplification, can be 
made to show on a meter or be heard in ear- 
phones. Instruments operating in the high- 
voltage region actually count these current 
pulses as they occur, and for this reason are 
called Geiger "counters." The rate at which 
the pulses form is a measure of the intensity 
of the radiation. The pulse rate can be read 
on a meter, or if it is of very low intensity, 
can be determined by the "clicks" in an ear- 
phone. f 

The Geiger detector, like the ion-chamber 
instrument, can be used for gamma and beta 
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radiation. Frequently thetube is enclosed in a 
probe connected to the counter itself by a cable, 
and has a sliding beta shield. When the shield 
is in position, the thin window is covered and 
only gamma radiation can enter the counter. 
With the shield retracted, beta particles, in 
addition to gamma radiation, can be detected 
and measured. 

The POCKET DOSIMETER is actually a 
very simple form of ion chamber, for its action 
depends on the production of ions by the nu- 
clear radiations. However, it has no batteries, 
and there is no flow of current. There are two 
forms of dosimeters: one that can be read by 
the individual (self-reading type); and one that 
requires associated equipment to read it (non- 
self-reading type). The non-self-reading form 
is often referred to as a "pocket chamber," 
while the term "pocket dosimeter" is used to 
to refer to the self-reading type. Both of them 
are about the size of afountain pen and appear 
and are worn pretty much like one. 

The non-self-reading dosimeter consists of 
an outer cylinder made of plastic materialand 
coated on the inside with graphite to make it 
an electrical conductor. A stout wire, or an 
inner cylinder supported at the ends by insu- 
lators, runs through the outer cylinder. (See 
figure 4-2.) To use this instrument, it first 
must be given an electrical charge. This is 
done by inserting a charger between the outer 
shell and the central wire of the chamber. The 
chamber is then removed from the charger. 
If the insulation is satisfactory the charge will 
remain unchanged. 
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Figure 4-2.-Cutaway diagram of a pocket dosimeter. 


When radiation enters the chamber of the 
dosimeter it produces positive and negative ions 
in the gas. These are attracted to the charged 
wire and shell, respectively. However, since 
the battery has been disconnected, there is no 
flow of current. Instead the charge in the 
chamber is reduced. The decrease inthe charge 
is proportional to the total amount (or dose) 
of radiation that has entered the chamber. At 
the end of an exposure, the remaining charge 


is measured and the radiation dose can be de- 
termined. 

A "charger-reader" for charging a pocket 
chamber, and for reading the charge before 
and after exposure, contains a voltage source 
and a meter calibrated in roentgens. One 
charger-reader can be usedto charge and read 
many pocket chambers. | 

When you are operating in a contaminated 
area, it may be necessary to know the radia- 
tion dose immediately. For this purpose the 
self-reading pocket dosimeter is used (fig. 
4-3). Like the non-self-reading pocket cham- 
ber it consists of an ion chamber. To a short, 
central wire is attached a thin, flexible quartz 
fiber. This quartz fiber serves as an indica- 
tor, and its position on a scale on the inside af 
the dosimeter tells you the dose in roentgens. 
A lensfitting into the end of the cylinder mag- 
nifies the. scale and the fiber to make them 
easier to read. 
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Figure 4-3. Low range self-reading pocket dosimeter 
(IM-9B/PD) and charger (PP-354C/PD). 


To prepare the self-reading dosimeter for 


operation, it is placed in a charger; this pro- | 


vides an adjustable voltage source which is 
applied between the central wire and the shell. 
Since the quartz fiber and the fixed central wire 
are attached, they will receive the same 
charge. As a result, when the dosimeter is 
charged, the movable fiber is repelled from 
the fixed wire. By proper adjustment of the 
voltage applied by the charger, the fiber can 
be set exactly on the zero line of the scale. 
When nuclear radiation enters the chamber, 
ions are produced and attracted to the wire 
and the shell. The charge is thus reduced, and 
the fiber moves across the scale because it is 
not as greatly repelled from the fixed wire as 
it was previously. By holding the dosimeter 


sys Tm 
a 





Chapter 4—DETECTION AND IDENTIFICATION OF ABC WARFARE AGENTS 


0 20 40 60 tX 100 120 140 160 180 200 
iube bh b b d d 
mr 


Figure 4-4.—Method of reading dosimeter by looking through it at the light. Insert shows a dose reoding of 82 mr. 


up to the light and looking through the lens, 
you can read the radiation dose received at 
any time (fig. 4-4). 

The self-reading dosimeter does not need 
the associated equipment for reading the ex- 
posure that the non-self-reading dosimeter 
requires, but it does need a charging and ad- 
justing device to set the fiber on zero of the 
scale before you use it. Again, one such 
charger can serve many dosimeters. 


The FILM BADGE consists of a small packet 
containing photographic film sensitive in vary- 
ing degrees to gamma radiation and beta par- 
ticles. The films are of the size commonly 
used for dental X-rays;that is, 1-1/4 by 1-3/4 
inches. Each film is packaged in a light -proof 
paper envelope. An external metal shield fits 
over a section of this package. The unshielded 
part of the film is exposed to both gamma ra- 
diation and beta particles, while the shielded 
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Figure 4-5.—Hi-R dosimeter (non-indicating) — DT-60/PO 


portion is exposed only to gamma radiation. 
The metal shield also serves the purpose of 
making the film more uniformly sensitive to 
gamma radiation of various energies. Several 
holders incorporatingthe shield are made with 
clips to attach the film badges to clothing. In 
other types the whole packet is enclosed in a 
waterproof envelope and carried in the pocket. 
The GLASS DOSIMETER is a small, round 
packet, slightly larger than an "identification 
tag," containing a specially prepared phosphate 
glass (fig. 4-5). It is worn around the neck on 
a chain like a '"dog tag." The dose recorded 
by the phosphate glass dosimeter can be read 
only by inserting it in a device called a 
"computer-indlcator" (fig. 4-6). Phosphate 
glass dosimeters can be used for a consider- 
able period of time, and by subtracting the 
previous reading from the current reading it 
is possible to determine the amount of radia- 
tion received during a particular period at the 
same time that you read the total radiation 
accumulated by the individual. 
LIMITATIONS OF RADIAC INSTRU- 
MENTS.—You must remember that, although we 
have radiac equipment to detect and measure 
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Figure 4-6. Computer-indicator — CP-95/PD—fdr use in 
"reading" the DT-60/PD dosimeter. 
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nuclear radiation, these instruments do have 
some limitations. 

A Geiger-Mueller tube, for instance, has a 
limited life and will need replacement. 

None of these instruments is capable of de- 
tecting and measuring alpha, beta, gamma, 
and neutron radiation at the same time. Even 
those that can detect both beta and gamma ra- 
diation do not automatically separate these two 
types of radiation for us. Instead it is left to 
the operator to keep beta particles from enter- 
ing the chamber by manually pulling a "beta 
Shield" over the thin window in order to get a 
"gamma" reading. Otherwise, you get a com- 
bined reading. 

For alpha radiation we use a separate in- 
strument which measures these particles. Due 
tothe extremely high energy of alpha particles 
and their high degree of ionizing ability, it is 
possible to design an instrument which would 
indicate alpha radiation alone. 

As we have said, photographic film dosim- 
eters can be used only once, since they must 
be developed before they can be read. 

Finally, radiac instruments operate within 
specific ranges. Survey meters are calibrated 
to indicate dose rates from 0.5 milliroentgens 


` per hour to 500 roentgens per hour (0.5 mr/hr 


to 500 r/hr), although in Navy equipment this 
wide a range is not found in one instrument. 
Instead, several instruments, each covering a 
portion of this range, are used. For example, 
one Geiger-Mueller equipment will cover the 
range from 0.5 milliroentgen per hour to 500 
milliroentgens per hour and an ion-chamber 
equipment the range from 0.5 roentgens per 
hour (which is the same as 500 milliroentgens 
per hour) to 500 roentgens per hour 

The pocket 'Lo-R" dosimeters will record 
a total dose of 200 milliroentgens. 

Photographic films come in varying degrees 
of sensitivity and may cover ranges from 0.05 
to 1 roentgen, from 0.1 to 5 roentgens, from 0.4 
to 50 roentgens or from 10 to 2,500 roentgens. 

Phosphor glass dosimeters operate in the 
range of from 10 to 600 roentgens witha max- 
imum range of 20,000 roentgens. 

It should be evident from the above limita- 
tions that radiac instruments are not all- 
purpose equipments; each instrument is in a 
way a "specialist." You must have the par- 
ticular equipment to do a particular job. 


USING RADIAC INSTRUMENTS. —Instruc- 
tions on the operation of a particular piece of 


radiac equipment, including preoperative, 


postoperative, and weekly tests and the read- 
ing and charging of dosimeters, can be found 
in the manufacturer's instruction book which 
accompanies each instrument and in current 
BuShips directives. 

Procedures for using these instruments 
can usually be foundin your ship's or station's 
Decontamination Bill. 


TYPICAL NAVY RADIAC INSTRUMENTS. — 
In the periodimmediately following the atomic 
bombing in Japan, research and development 
in the field of atomic energy proceeded at a 
fast pace in order that the United States might 
maintain the lead it had in this field. The 
numerous tests conducted in the Pacific re- 
quired detection, measuring, and health pro- 
tection instruments, and many commercial 
versions were purchased and used. Using 
these as a basis, military models were de- 
veloped to fulfill more precisely the require- 
ments of the three Services. 

The Navy uses six main categories of equip- 
ments: the high intensity survey meters (Hi-R 
survey); the low intensity survey meters (Lo-R 
survey); Alpha survey meters; (figs. 4-7, 4-8, 
4-9); the low dosage pocket dosimeter (Lo-R 
dosimeter) and associated charger; the high 
dosage, non-self-indicating dosimeter (Hi-R 
dosimeter, non-indicating) and associated 
computer -indicator; and the photographic film 
badges. 

Typical Navy equipments are as follows: 


Cat Equi ent 
C AED A Designation 
Installed radiac AN/SDR-1 


Hi-R survey AN/PDR-18 series 


Lo-R survey AN/ PDR-27 series 


Alpha survey AN/PDR-10 series 


Lo-R(dosimeter 
(charger 


(IM-9( )/PD series 
(PP-354C/ PD 
series 
Hi-R(dosimeter, 
non-indicating (DT-60/PD 
(computer-indicator (CP-95/PD 


BW Detection Equipment 


An accurate and rapid means of detecting 
and identifying BW agents in air, water, food, 
and upon surfaces is an urgent present need. 
No method is now available for the detection 
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Figure 4-7.—Àn alpha survey meter (AN/PDR-10A). 





Figure 4-8.—A Hi-R survey meter — AN/PDR-18 


series radiac set. 


andidentification of BW agents promptly enough 
to permit personnel to take protective action, 
such as donning masks. 

It is, in fact, quite possible that early de- 
tection may depend in part upon recognition 
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that an enemy is using an unusual type mu- 
nition, or even the observation that unusually 
large numbers of personnel have become ill. 
In the latter case, identification of the respon- 
sible agents would depend upon diagnosis. 

As long as no effective method of biological 
monitoring exists, detection and identification 
of BW agents must depend largely on the col- 
lection of field samples, and subsequent lab- 
oratory studies. 

The two general purposes of field sampling 
are: (1) to furnish the laboratory with sam- 
ples for identification, and (2) to aid in the 
location and marking of contaminated areas 
and materials following a BW attack. 


CW Detection Equipment 


It has been stressed that man cannot depend 
on his physical senses alone to detect the pres- 
ence of chemical warfare agents. Suchwarnings 
would probably come too late, particularly if 
certain of the newly developed fast-acting 
agents were used. It is imperative that CW 
agents be detected as quickly as possible so that 
protective measures can be employed immedi- 
ately. Rapid detection can be accomplished by 
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Figure 4-9.—A Lo-R survey meter — AN/PDR-27 series. 


using special devices. Not only are these de- 
vices able to detect the presence of the agents, 
but they are useful alsoinestablishing the com- 
pleteness of decontamination, in determining 
the presence of agents in concentrations too low 
to be detected otherwise, and in estimating the 
hazards of operations in contaminated areas. 

In general, CW detection devices indicate 
the presence of poisonous agents by chemically 
producedcolorchanges. Following are some of 
the devices used. 

VESICANT DETECTOR CRAYON is a pink 
chalklike crayon which is used to detect the 
presence of LIQUID blister agent contamina- 
tion. Although the crayon is sensitiveto highly 
concentrated vapors of these agents, it cannot 
be depended upon to detect their presence in 
vapor form because the concentrations may 
vary. Vesicant crayons are used primarily to 
test for leaks in blister gas shells and for the 
detection of known chemical agents which may 
be spilled when chemical munitions are han- 
dled. The crayon may either be rubbed on the 
surface to be tested or it may be scraped with 
a knife and the scrapings dusted over the sur- 
face. Ineither case, the color of the surface 
changes from pink to blue in the presence of 
drops of liquid or highly concentrated blister 
or nerve agent vapors. 

There are two types of vesicant detector 
crayons (fig. 4-10). The M7 and M7A1 crayons 
are similar in composition, but differ slightly in 
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size and packaging. The crayons may be pro- 
cured separately or as a component in the M9A2 
and M18 detector kits. In addition to low sensi- 
tivity to the vapors of chemical agents, there 
are also certain other limitations of the de- 
tector crayons: (1) the crayons are affected 
by strong acids, such as hydrochloric and 
sulfuric acids; (2) they do not react to nitrogen 
mustard agents; (3) the coatings of the crayons 
lose their sensitivity after long exposure to 
light or heat, and (4) the crayons react to 
bleach, which is used to decontaminate, and to 
M5 protective ointment, and thus cannot be 
relied on for testing surfaces which have been 
recently decontaminated. 

VESICANT DETECTOR PAPER is a heavy 
paper which is coated on one side with liquid 
vesicant detector paint. The paper is issued 
in pads of 25 sheets, each of which is 5 inches 
by 5-1/2 inches. Each sheet has a 1/8-inch 
hole in one corner which may be used to judge 
the size of the drops of CW agents falling on 
the paper. Since drops larger than 1/8 inch 
will penetrate permeable protective clothing, 
such information is essential in estimating the 
probable effects on personnel. 

Detector paper is used where it is imprac- 
tical to use other devices, such as on the 
ground, trees, bushes, and shrubs. The sheets 
are merely detached from the booklet and 
placed with the olive-green side up. Usually, 


horizontal surfaces in exposed locations are | 
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Figure 4-10.—Vesicant detector crayons. 
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selected. Sometimes the sheets are placed at 
stated intervals, say 20 yards apart, and fas- 
-ened in place with tape or tacks. In the pres- 
»nce of blister or nerve agents, the color of 
:he coated side changes from olive-green to 
ced. The shades of red vary withthe particular 
igent detected. For example, mustard causes 
i bright red, nitrogen mustard an orange-red, 
and lewisite adark red. The G-series of nerve 
agents do not cause such distinctive shades of 
red as to permit positive identification. 

Likethe vesicant crayons, vesicant detector 
oaper has several serious limitations: (1) it 
cannot be used to detect CW agent vapor; (2) it 
reacts withtear gas solventsto show the same 
red color as with liquid blister agents; and (3) 
its sensitivity is decreased by heat, steam, 
andoil. The outdoor sensitive life of the paper 
is about three months. 

The M9A2 CHEMICAL AGENT DETECTOR 
KIT contains sufficient equipment and supplies 
to detect and identify ten of the most common 
CW casualty agents. The specific agents which 
can be identified by this kit include the G- 
agents, cyanogen chloride, hydrogen cyanide, 
phosgene, ethyldichloroarsine, lewisite, nitro- 
gen mustard, and mustard gas. The sensitivity 
of the tests is such that most of the agents 
(except the nerve agents) can be detected in 
concentrations below those necessary to cause 
casualties in unmasked personnel. However, 
the results of the various tests are obtained 
too slowly to provide warning for personnel to 
mask. 

An unknown agent cannot be identified with 
this kit by one single test; instead, a special 
test must be conducted for each agent that is 
suspected. For example, if a contaminated 
air sample tests positive when the lewisite 
test is made, then the agent is lewisite. If the 
test is negative, then the agent is not lewisite, 
but its identity will remain unknown until other 
tests have been completed. These yes-or-no 
tests should be made in a certain prescribed 
order except when the presence of a specific 
agent is suspected. In general, the order of 
testing is the same as the listing of agents 
given in the preceding paragraph; that is, G- 
agents first, then cyanogen chloride, and so on. 

Figures 4-11A and 4-12 illustratethe M9A2 
detector kit. The basic components of this kit 
are an air sampling pump, various detector 
tubes, and chemical reagents. In addition, 
certain accessories are included, such as 
several M7A1 vesicant detector crayons, a set 
of directions for using the kit, a pencil, several 
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inspection record cards, and several sampling 
tube report cards. One end of the sampling 
pump contains a flashlight so that tests can be 
made at night. 

The general operation of the kit is essentially 
the same for all agents and may be described 
as follows: First,the proper detector tube for 
the agent to be tested is inserted in the nozzle 
of the air sampling pump. The pump is then 
manually operated for a designated number of 
Strokes. In some cases, at the end of a spec- 
ified interval, a color change will occur in the 
detector tube if the specific agent is present. 
In most tests, however, a liquid reagent must 
be added to the detector tube after the con- 
taminated air sample is drawn into the pump. 
If the test has been conducted properly and if 
no color change is noted, then it may be as- 
sumed that the particular agent being tested is 
not presentin dangerous concentration. Figure 
4-13 gives the details of the test for G-agents 
and cyanogen chloride. 

The M18 chemical agent detector kit (fig. 
4-11B) is substantially the same as the M9A2 
kit except that the M18 contains instructions 
for detecting phosgene oxime in addition to the 
agents mentioned above for the M9A2 kit, and 
uses a rubber atomizer bulb in place of the 
heavy plastic air pump. A small flat can with 
a hole to admit the detector tube may be used 
to concentrate the agent. 

The M15 kitis a simplified M18 kit, smaller 
in size and is primarily designed to detect 
dangerous concentrations of mustard, distilled 
mustard and the G agents. (See figure 4-11C.) 
The details of operation are the same as for 
the M18 and the M9A2 kits. 

The M6A1 AUTOMATIC FIELD ALARM is 
an automatic electronic-mechanical apparatus 
for detecting the presence of G-agents in the 
air (fig. 4-14). 

Briefly, the general principles of opera- 
tion are as follows: A dust-free air stream is 
drawn through a section of paper tape that has 
been wetted with a colorless chemical solution. 
Light, shining on one section of this tape, is 
reflected to a photocell. The light also shines 
on another section of the tape (no air sample 
is drawn through this section) and is reflected 
to a second photocell. As long as no G-agents 
are present, the light reflected to each photo- 
cell is equal in intensity. However, if a G- 
agent is present, the subsequent reaction will 
cause the wet spot of the first section of tape 
(that part through which the air sample is 
drawn) to turn pink. Since the air sample is 
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B. The M18 CW agent detector kit. C. The M15 CW agent detector kit. 


Figure 4-11. -Chemical warfare agent detector kits. 
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Figure 4-12. Components of the M9A2 CW agent detector kit. 


not being drawn through the second section of 
tape, it will remain white. 


Less light is reflected from the pink spot 
than from the white spot. This difference in 
light intensity is detected by the photocells 
which, in turn, cause a warning lamp to light 
and an alarm buzzer to sound. Periodically, 
new Sections of paper tape are wetted with 
fresh chemical solution and are automatically 
advanced into position in the air stream. 


A reagent refill kitis available for use with 
the M6A1 field alarm. This kit contains suf- 
ficient chemicals, filter disks, and paper tape 
for sixty, 12-hour periods, or enough for about 
one month of continuous operation. 


5697400 - 60 - 5 
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Water and food testing and screening kits 
are also available for use by medical person- 
nel. 


MONITORING AND SURVEY 
Methods 


Military operations in a contaminated area 
may be helped by (1) surveying or monitoring 
the area for BW or CW contamination or for 
radioactivity, (2) marking contaminated regions 
and objects, and (3) controlling operations, 
traffic, and personnel in the area. 

Inthe case of BW contamination, the survey 
is actually the detection of an attack by any of 
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Figure 4-13.—Testing for G agents and cyanogen 
chloride with the M9A2 detector kit. 





Figure 4-14. —M6AT automatic field alarm. 


the accepted methods. The isolation or quar- 
antine of a BW contaminated area is the re- 
sponsibility of the medical department. 

For the most part, the detection of CW 
contamination and the marking of the con- 
taminated area constitutes the survey. 

Because the nature and AMOUNT of radio- 
activity determine whether or when an area 
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can be used, radiological monitoring must be 
both complete and precise. There are four 
basic radiologicalsurvey methods: rapid sur- 
vey, detailed survey, supplementary monitor- 
ing, and personnel monitoring. All four re- 
quire the use of radiac instruments. 


The most RAPID means of estimating the 
extent of radiological hazards is by an aerial 
survey, using helicopters. The great advan- 
tage of such a survey is that it can be carried 
out regardless of the destruction or the inten- 
sity of the radiation in the bombed area.  Be- 
cause of their long range in air, gamma rays 
coming from radioactive contamination on the 
surface can be detected by sensitive instru- 
ments at the height of several thousand feet. 
Slow flying aircraft and helicopters carrying 
ordinary survey meters could fly over an aí- 
fected area in a set pattern and record the 
gamma radiation intensities encountered. 
From the radiation intensities measured at a 
known altitude, it is possible to obtain a rough 
estimate of the dose rate, in roentgens per 
hour, which would be encountered on the sur- 
face of the ground or water. Experimental 
and theoretical studies have indicated that the 
dose rate on the surface will be somewhere 
between 100 to 1000 times as high asthe read- 
ing you would get at 1000 feet. Therefore, 
ground surveys must be made to obtain more 
exact dose rate readings. 


The aerial survey is important because it 
can provide valuable information which might 
be impossible to get in any other way. Never- 
theless, it can serve only as a rough guide. It 
is not a substitute for a ground survey, at 
least in the case of those areas which are of 
any military importance. Early ground mon- 
itoring, either supplementary to or independent 
of the aerial survey, could be carried out by 
means of atank or armored car with a detect- 
ing unit mounted on the outside of the vehicle. 

The purpose of the monitoring parties en- 
tering a contaminated area soon after an atomic 
attack will be to read, record, and report in- 
tensities of radiation at various points. From 
these reports, control center personnel can 
plot the data and determine the general out- 
line of the contaminated areas. 

After the first survey parties have meas- 
ured and reported readings which allow the 
general extent of the contaminated areas to be 
plotted, subsequent survey parties can pro- 
ceed with more detailed monitoring of the area 
as a whole. 
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:  Thepurpose of a DETAILED SURVEY is to: 
: (1) find the radiation level of specific objects 
:or locations within the contaminated area of 
: military interest, (2) locate regions of higher 
(than average intensity ("hot spots"), and (3) 
establish with greater accuracy the position of 
.the outer line of contamination and the danger 
"line. Detailed survey parties will carry signs 
and marking equipment with which they can 
‘mark the outline of the contaminated area, 
‘roads which are clear of obstructions, and the 
‘location of any "hot spots". (This procedure 
is also used for BW and CW contamination.) 
Detailed radiological survey teams will use 
specified techniques or procedures in monitor- 
ing contaminated areas and objects. These 
procedures will be based on the following: 


bays, lakes, harbors and sizable reservoirs; 
and of specific buildings and installations 
which it might be desirable to occupy later. 
Water areas will be monitored, first by a 
preliminary survey made from slow-flying 
aircraft, then by more detailed survey opera- 
tions using small, fast-moving surface craft. 

One of the most urgent matters will be the 
monitoring of food and water supplies to pre- 
vent the eating or drinking of radioactive ma- 
terial. Unpackaged food that has been exposed 
in a contaminated area should be discarded, 
unless approved bythe medicalofficer. Sealed 
or packaged foods, either in cansor glass jars, 
may be used provided the exterior of the con- 
tainer is thoroughly cleaned before it is opened. 

Small water supply sources, such as open 


1. Radiac instruments or their probes must 
always be heldat the same distance from 
the objects being monitored. Otherwise, 
the readings will not represent a true 
picture of the radiation intensity. 

2. The levelof contamination will vary with 
locations, soil conditions, type of sur- 
face, and positions of objects within the 
area. 

3. Objects having poor drainage will fre- 
quently give higher intensity readings 
than those having good drainage. 

4. Single intensity readings for an area 
are of little importance; a relatively 
large number of readings are needed to 
give an accurate picture of the radiation 
intensity. 

9. Monitoring personnel will record the in- 
tensity, time, and place of each reading. 

6. Shore survey parties will use existing 
roads except perhaps in a few front-line 
situations. 

7. Survey parties ashore will use vehicles, 
if possible, since this will permit the 
most rapid approach and withdrawal. 
Use of roads also help plotting personnel 
to locate the positions at which readings 
are taken. 

8. If the center of theimpact area is known, 
survey parties will proceed toward it 
taking periodic readings until a desig- 
nated point or a specified radiation in- 
tensity reading is reached. They will 
then return, preferably by another route, 
in order to obtain a second set of read- 
ings through a different area. 

The SUPPLEMENTARY SURVEY involves 

detailed monitoring of such things as water 
and food supplies; bodies of water, such as 
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wells, portable water tanks, scuttlebutts and 
Lister bags, should be monitored externally. 
If there are signs of contamination, the water 
itself should be examined. Simple, wide-range 
survey meters will be suitable for monitoring 
food and water. 

Roads will] be monitored in the same way 
as land areas, with specialattention being paid 
to culverts, drainage ditches, and such places 
where contamination islikelyto collect. Roofs 
and overhanging parts of buildings also fall 
into this category. Any portion of a building 
that is to be used for the storage, preparation, 
or consumption of food must be monitored with 
the utmost care. 

All forms of armament or equipment in the 
contaminated area which are handled or worn 
by personnel should be subjected to detailed 
examination before use. This applies to tanks, 
weapons, trucks and other vehicles, electronic 
devices, andclothing and other personal equip- 
ment. In monitoring, special attention should 
be paid to exterior portions, and especially to 
recesses, of any piece of armament or equip- 
ment. 

The monitoring of all weather decks on 
ships and other craft is essential, but moni- 
toring of the interior will depend on the en- 
trance of contamination through openings and 
ventilation systems, tracking (spread) of con- 
tamination by personnel, on the entry of con- 
taminated water. The remarks made above 
concerning the careful examination of food are 
particularly applicable to the galley, pantries, 
and food storage and messing compartments. 

Special attention should be paid to the mon- 
itoring of hollows, crevices, and rough spots; 
places where paint is chipped or rough; and to 
piles of porous materials, such as canvas and 
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cordage. Salt-water lines, ventilation ducts, 
and air casings of boilers should not be for- 
gotten. 

Aircraft may become contaminated as the 
result of exposure to a base surge, fallout, or 
by flying through the atomic cloud. Oily or 
greasy surfaces, cracks, recesses of various 
kinds, andoverlapping riveted joints are places 
where radioactive particles are likely to stick. 
The exterior portions of the fuselage of a 
plane are most likely to be contaminated and 
should bethoroughly monitored. Air intakes of 
both reciprocating and jet engines must be 
given special attention, particularly if the air- 
craft has flown through a contaminated atmos- 
phere. Monitoring of the interior of the plane 
should be conducted to determine whether the 
contamination has entered or not. 

All PERSONNEL caught in a contaminating 
attack should be monitored at a control point 
as a part of the casualty evacuation process. 
This is necessary for their own safety and 
also to prevent the spread of radioactivity 
from a contaminated to a clean area. 

Members of reconnaissance, survey, and 
emergency parties, whose duties require them 
to enter contaminated areas, and crews en- 
gaged in decontamination operations will wear 
special clothing which they can discard. 
Nevertheless, each individual should be thor- 
oughly monitored to make sure that no radio- 
active material has become attached to his 
body. 


Isolating Contaminated Areas 


A standard system for marking areas con- 
taminated by atomic, biological, or chemical 
agents has been adopted by nations included in 
the North Atlantic Treaty Organization. These 
standard survey markers are illustrated in 
figure 4-15. Each marker is in the shape of a 
right-angled isosceles triangle with a base of 
approximately 11-1/2 inches and sides of ap- 
proximately 8 inches. The markers may be 
made of cardboard, metal, wood, plastic, or 
other rigid material. Three holes are punched 
in each marker to facilitate rapid placement. 

The surface of each marker, facing away 
from the contaminated area, that is, toward a 
person approaching the contamination, is 
colored as follows: 

1. the AW marker has a white background 
with broad black stripes dividing it into 
three small triangles each of which has 
the word ATOM lettered in black along 
one side: 
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Figure 4-15.~ABC contamination markers. 
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2. the BW marker has a red background 
with broad yellow stripes dividing the 
marker intothree small triangles. Each 
of these triangles has the word GERMS 
painted or written in black along one 
side: 

3. the CW marker has a yellow background 
with the word GAS painted or written in 
black on each side of the triangle. 

On all markers, the surface facing the con- 
tamination is white with black lettering. The 
appropriate word, ATOM, GERMS, or GAS, 
appears in the three positions previously de- 
scribed for the front surface of the marker. 
Also includedon this inward side in the center 
of the marker and in black letters is the date 
of the placement of the marker as well as any 
other details deemed pertinent, such as the 
time and the radiation intensities at that point. 

Normally, contamination markers are 
placed above ground with the right-angled 
apex (the point formed by the two eight-inch 
sides) downward on fences, trees, rocks, or 
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«on appropriate stakes driven into the ground. 
If means of support are not available, the 
markers may be placed with the right-angled 
„apex downward in the ground, but this method 
Should be avoided whenever possible because 
+ markers may be dislodged or obscured by 
‘grass and undergrowth. 


J MONITORING AND SURVEY 
PARTY DUTIES 


The monitoring process and consequently 
rthe duties of monitoring and survey party per- 
° sonnel will vary to some extent according to 
the type of ship involved and the shipboard 
| organization in effect or according to the or- 

 ganization of the shore activity concerned. 

A Radiation Monitoring Team consists of 
four men as follows: 

A MONITOR, who is in charge of the team; 
“he is equipped with radiation detection equip- 
| ment. His duties consist of determining the 
intensity and location of contamination. He is 

| responsible for the safety of the team. 

A RECORDER, who is equipped with a clip- 
board and deck and isometric systems plans of 
the ship. He records the intensity readings 
obtained by the monitor, the time of the read- 
ings, the location where the readings were 
taken and specific hazards. 

A MARKER, who marks up the reading ob- 
tained by the monitor. He is equipped with a 
white line and contamination warning signs, 

, and chalk to mark the amount of intensity on 
_the deck or bulkheads. 

A TALKER -MESSENGER, who acts as talker 
.or messenger, and relays the dose rate read- 
ing obtained by the monitor to the contamina- 
tion plotting team in Damage Control Central. 
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Before the members of a radiation moni- 
toring team enter a contaminated area they 
should have pocket dosimeters and DT-60 
dosimeters;they should wear protective cloth- 
ing and masks. They shouldnot enter the area 
with open cuts or wounds, and should not eat, 
drink or smoke in the contaminated area. 

Generally, monitoring and survey duties 
can be summed up as follows: 

1. LOCATEthe hazard with AW, BW or CW 

detection equipment; 

2. ISOLATE the area with appropriate 
markers to indicate the nature of the 
hazard, its location and, in the case of 
radioactivity, its intensity; 

3. RECORD the results of the survey; the 
CW agent detected, any evidence of BW 
attack, or location, time, and intensity 
of radioactivity; 

4. REPORT the findings to the Senior man 
present; the Senior man will report these 
findings to the nearest Repair Party 
Officer as well as to the next senior in 
command. The Repair Party Officer, in 
turn, reports the situation in his area to 
Damage Control Central. 


The hazard is located by a preliminary re- 
connaissance or rough survey. The monitor 
Surveys what area he can cover in a limited 
time. In the case of an AW attack, he marks 
key intensities and type of radiation on charts 
that are provided and notes the time of com- 
mencing the survey. 


Approximately four hours after a rough 
survey, a more accurate and more complete 
detailed survey is conducted, during which 
individual objects are checked for contamina- 
tion. 


10. 


11. 
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Sabotage would be a particularly effective 
method for the dissemination of 
agents. 


CW and BW agents may be disseminated 
in the form of minute particles called 


Early detection and identification of ABC 
warfare agents are essential because: 
a. the agents are deadly 
b. the agents may not be seen or felt 
c. the agents may be quick-acting 
d. all of the above 
With agents that you cannot see, smell, 
feel, taste, or hear, and 
means of detection must be used. 


Instruments for the detection of nuclear 
radiation are called: 

a. radiological instruments 

b. radiac instruments 

c. nucleonic instruments 

d. atomic instruments 


Many of the instruments for the detection 
of radioactivity operate on the principle of: 
a. gas condensation 
b. gas compression 
c. gas ionization 
d. gas expansion 


Two other operating principles used in 
radiac instruments are 
and > 


In an ion-chamber instrument, the inten- 
sity of nuclear radiation is indicated by 
the amount of: 

a. current flow 

b. gas pressure 

c. heat radiation 

d. atomic fission 


An instrument which uses the principle of 
internal physical change is the 
device. 


Photographic film used to record radia- 
tion doses operates on the principle of 


In BW detection, the method which meas- 
ures particles within a specified size 
range is called: 

a. particle detection 

b. chemical detection 

c. physical detection 

d. specific detection 
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13. 


14. 


15. 


16. 


17. 


18, 


19. 


20. 
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Biological detection is divided into two 
phases: the phase and the 
phase. 


The most common BW sampling devices 
are the 

petri dishes 

b. impingers 

sump tanks 

d. incubation vests 


Samples of surface contaminants may be 
obtained by wiping suspected surface s with: 
any available cloth 

your hand 

. rubber gloves 

sterile cotton swabs 


eng 


Odor (is) (is not) reliable in identifying 
CW agents. 


Most detection devices indicate the pres- 
ence of CW agents by: 

a. ringing bells 

b. color changes 

c. internal physical change 

d. graphic presentation 


The radiation detection device which does 
NOT use the principle of gas ionization is 
the: 

a. phosphate glass dosimeter 

b. ion-chamber survey meter 

c. Geiger-Mueller survey meter 

d. pocket dosimeter 


Ion -chamber and Geiger-Mueller survey | 
meters can be used to detect: 
a. only beta radiation 
b. alpha and gamma radiation 
C. beta and gamma radiation 
d. alpha and beta radiation 
The two forms of ion-chamber dosim- 
eters are the: 
a. phosphate glass and pocket dosim- 
eters 
b. pocket chamber and pocket 
dosimeters 
c. pocket chamber and photo-dosim- 
eters 
d. phosphate glass and photo-dosim- 
eters 


One of the limitations of radiac instru ments 

is that they do not measure: 

alpha radiation 

b. neutron radiation 

beta and gamma radiation 

d. alpha, beta, gamma and neutron ra- 
diation at the same time 
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How is the phosphate glass dosimeter 
carried? 


The dose recorded by the phosphor glass 
dosimeter can be read only by inserting it 
in a device called a 


The AN/PDR-18 series radiac 
ments are: 

a. Hi-R survey meters 

b. Lo-R survey meters 

c. Alpha survey meters 

d. Lo-R dosimeters 


instru- 


The Hi-R dosimeter used by the Navy is the: 
a. IM-9( )/ PD 
b. AN/PDR-10 
c. DT-60/PD 
d. AN/ PDR-27 


There (is) (is not) a method available now 
for the detection and identification of BW 
agents promptly enoughto permit person- 
nelto take protective action. 


The main purpose of BW field sampling is: 
a. to identify BW agents in the field 
b. to furnishlaboratories with samples 
for identification 
C. to decontaminate specific areas 
d. all of the above 


For the detection of CW agents on the 
ground, trees, bushes, and shrubs, use: 
a. vesicant detection crayon 
b. the M9A2 chemical agent detection 
kit 
vesicant detector paper 
the M6A1 automatic field alarm 
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28. 


29. 


30. 


31. 


32, 


33. 


The M9AZ2 chemical agent detector kit 
identifies (number) of the most common 
CW casualty agents. 


The M18 chemical agent detector kit de - 
tects in addition to 
the agents detected by the M9A2 kit. 


The M15 chemical agent detector kit will 
detect primarily: 

a. phosgene oxime 

b. cyanogen chloride and lewisite 

c. mustards and hydrogen cyanide 

d. G-agents and mustards 


The four basic radiological survey meth- 
ods are: 


FE 


The four members of a radiation monitor- 
ing team are the: 


aa» 


The basic monitoring and survey duties 
are to A š $ 
and . 


CHAPTER 5 
INDIVIDUAL AND COLLECTIVE PROTECTION 


Symptoms From ABC Attacks 


Protection of personnel in ABC warfare 
involves both individual and group measures. 
Collective protectionof civilians is prescribed 
by the Office of Civil and Defense Mobilization. 
Group protection of military personnel is the 
responsibility of each of the military services. 

Individual protection is of more immediate 
concern, for what you do in the first few mo- 
ments after an ABC attack may determine 
whether or not you will survive. Knowing the 
symptoms of radiation exposure and of BW and 
CW contamination along with what they mean 
may make the difference between life and death 
to you. So it is extremely important that you 
learn the symptoms, the action to take when 
you are exposed to ABC attack, and any self- 
aid and first aid measures which might help 
you or your shipmates. 


EFFECTS OF NUCLEAR ATTACK 
ON PERSONNEL 


The blast and heat injuries suffered in a 
nuclear explosion will not differ greatly from 
those caused by ordinary high explosive and 
incendiary bombs except that they may be sus- 
tained at greater ranges. An important aspect 
of injuries in nuclear explosions is the com- 
bined effects of blast, heat, and nuclear radi- 
ation. In this respect, nuclear radiation injury 
may be a complicating factor. 


Blost Injuries 


Injuries caused by BLAST can be divided 
into primary or direct blast injuries and sec- 
ondary or indirect blast or mechanical injuries. 
Primary blast injuries are those which result 
from the direct action of the air shock wave on 
the human body. The amount of blast pressure 
that the human body can stand is sufficiently 
great that a 20 kt. nuclear bomb exploded in 
the air might cause fewprimary blast injuries 
depending on where you are; the greater bast 
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power of thethermonuclear weapons, however, 
will likely cause some injuries. 

Indirect blast injuries are caused mainly by 
collapsing buildings, and by timber and other 
debris flung about by theblast. Personnel ma: 
also be hurled against stationary objects or. 
thrown to the ground bythe high winds accon- 
panying the explosion. The injuries sustainec 
are thus similar to those due to a mechanica 
accident; bruises, concussions, cuts, fractures, 
and internal injuries. 

At sea the shock wave accompanying az 
underwater burst will produce various mechan- 
ical injuries. The casualties will resemble 
those caused by more conventional underwater 
weapons, such as noncontact mines and dept: 
charges, but instead of being localized, they 
will extend over the entire vessel. There will 
also be mechanical injuries resulting from 
personnel being thrown against fixed objects 
or structures. Equipment, furniture, boxes, 
and similar gear, when not too well secured, | 
can act as missiles and cause many injuries. 

Hemorrhage and shock are frequently seri- 
ous complications of blast injuries. The im- 
portance of shock cannot be over-emphasized, 
because it is often the main factor in deter- 
mining the fate of the patient suffering mechan- 
ical injury. 

The nuclear bomb does not present anything 
expecially new in respect to the types of blast 
injuries. Both primary and secondary blast 
injuries have occurred with ordinary high 
explosive attacks. However, with the nuclear 
bomb, there will be an enormous number of 
injuries occurring ina limited area ina very 
short time. 


Burn Injuries 


BURNS due toa nuclear explosion can be 
classed as primary burns, which are a direct 
result of the thermal radiation from the bomb, 
and secondary burns, which are the result of 
fires caused by the explosion. From the point 
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| f viewof their effects on the body and of their 
reatment, both types of burns appear to be 
‘imnilar to each other and to burns produced in 
ther ways. 
Burns are generally classified according to 
heir severity, in terms of the degree (or depth) 
Of the injury. First degree burns cause redness 
yx the skin, heal without treatment, and leave 
20 scars. Second degree burns are deeper and 
more severe, cause blisters, are slower to 
neal, and leave no scars. Third degree burn 
anjuries extend through the skin to the deeper 
:-is sues, heal slowly, and scars may result. 
É The depth of aburn is not the only factor in 
sAetermining its severity. The extent of the 
Area of the skin which has been affected is also 
important. Thus, a first degree burn involving 
the entire body may be much more serious than 
-a third degree burn at one spot. 
‘ As with mechanical injuries, shock is com- 
-monly associated with extensive burns. Burns 
are also subject to infection, and this may have 
serious consequences. A late and serious com- 
plication of extensive burns is anemia. 


‘Nuclear Radiation Injuries 


In the case of NUCLEAR RADIATION, for 
. any doses of 100 roentgens or more received 
. at one time over the entire body the symptoms 
| are the same, nausea and vomiting. These 
, symptoms are the first indication you will get 
that you have been exposed to radiation, and 
they probably wil not show up for several 
hours. When nausea and vomiting do occur 
| your dosimeter can be used to determine what 
dose you have received and you will be treated 
accordingly. Depending on the dose and the 
individual, other symptoms which could occur 
from a few days toa few weeks later are diar- 
rhea, inflammation of the mouth and throat, 
loss of hair, fever, rapid loss of weight, and 
skin hemorrhages. However, you will probably 
be under medical care long before these symp- 
toms appear. 

There has been some publicity about STE- 
RILITY and IMPOTENCY in connection with 
nuclear radiation. If you were close enough to 
a nuclear explosion toreceive a radiation dose 
which would make you permanently sterile, 
the dose, over your whole body, would also be 
great enough to kill you. You may get enough 
radiation to make you temporarily sterile, but 
this condition does not last for long. As to 
impotency, there is NO evidence that it results 
from nuclear radiation. 
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BW SYMPTOMS 


In the early stages of disease, a few gen- 
eral symptoms usually appear which indicate 
that infection has been established. These are 
fever, malaise (you just don't feel good), and 
inflammation. 

The occurrence of an infection is usually 
accompanied by a rise in temperature. The 
degree of fever varies in different diseases, 
but may serve as a rough guide tothe severity 
of the infection. As a rule the individual with 
fever feels quite warm and his skinis likely to 
be flushed, but the onset of fever may be pre- 
ceded by a chill which causes him to shiver, 
sometimes violently. Fever, whether preceded 
by a chill or not, is usually one of the earliest 
symptoms of infection and indicates illness. 

Malaise, another symptom of infection, is 
characterized by a vague feeling of bodily dis- 
comfort, weakness, and exhaustion. It may be 
accompanied by nausea, dizziness, loss of 
appetite, and generalized aches; there may be 
pains in thé back, arms, legs, and head. These 
symptoms may increase in severity as the 
disease develops or may be over-shadowed by 
other specific symptoms. 

Inflammation is a reaction of certain body 
tissues to injury and is characterized by pain, 
heat, redness, and swelling. Certain kinds of 
infection are indicated by inflammation of the 
skin, mucous membranes, or glands, as the 
body defenses are mobilized to combat the in- 
vader and seal off the infection. Some infec- 
tions are accompanied by a characteristic rash 
of the skin, by means of which it is often pos- 
sible to make an early diagnosis. 

The above general symptoms of disease 
apply to animals as well as to humans. Devia- 
tion in the normal behavior of animals, such 
as undue drowsiness or restlessness, might 
also indicate infection, even though the general 
symptoms are either not immediately notice- 
ableor entirelyabsent. Other symptoms which 
might appear with specific diseases in animals 
include lameness, diminished milk secretion, 
ulcers, marked and rapid weight loss, severely 
lowered reproductive capacity, bloody diar- 
rhea, erosion or eruptions of the mucous mem- 
branes of the mouth, discharges from the eyes, 
hemorrhages, and paralysis. 


Effects of BW Agents on Plants 


Plant disease agents attack food, feed, fiber, 
oil, medicinal, or industrial crops in a number 
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of ways. They may attack the conducting tis- 
sues of plants and interfere with water move- 
ment, or they may invade the soft tissues of 
leaves and roots. They may inhibit growth, or 
they may cause lesions, rusts, or galls on 
specific parts of the plants. In addition, plants 
may be damaged by insects which feed on the 
leaves and fruits. 

The symptoms which indicate that a crop 
has been attacked or infected will vary with 
the type of pest or the specific disease. Some 
of these symptoms might include water-soaked 
injuries on the foliage, shriveled and blighted 
kernels, injuries of the leaf sheaths and stems, 
orange-colored blisters on stems and leaves, 
lumps on stems, leaves, buds and ears, mot- 
tled and wrinkled leaves, yellowing of leaves 
and blackening of the veins, and general wilting 
and rotting. 


SYMPTOMS OF CW CONTAMINATION 


Chemical agents will make you a casualty 
when you get a bigger dose than you can stand. 
The limits of tolerance extend from short 
periods of exposure and low concentrations of 
certain agents to extended periods of exposure 
to high concentrations of certain other agents. 
Further, the limits of tolerance to specific 
agents vary among individuals. In any event, 
your principal concern is with recognizing the 
symptoms and relieving the effects of exposure 
that result afterthe limit of exposure has been 
exceeded. 


Nerve Agents 


The recognition of nerve agents is dependent 
upon their detection by a chemical agent detec- 
tor and upon the symptoms observed—running 
nose and excessive flow of saliva without the 
occurrence of marked irritation; tightness of 
the chest; and constriction of the pupils of the 
eyes. 

Vapors of the G-series nerve agents, even 
in low concentrations, cause the pupil of the 
eye to contract. This affects the sight, espe- 
cially in dim light, and causes headache. After 
a short exposure a sense of tightness in the 
chest may be noticed, which is increased by 
deep breathing. Liquid does not injure the skin, 
but penetrates it and poisons the body; in this 
case, contraction of the pupils may not appear 
as a warning sign. 

A one to five minute exposure of an unmasked 
individual to very low concentrations of G-agent 
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vapors causes difficulty in vision. 
greater exposures cause pain in the chest 
headache, nausea, and more serious visu2 


Slightly :: 


difficulty. However, the exposure of the ur. | 
broken skin to vapor alone involves little danger | 


of serious injury. 


Liquid contamination of the skin is a rez 
hazard. When liquid contaminates the skin, 
one of the first signs of exposure may be exces- 
sive sweating and twitching of the muscles a 
the site of contamination. Small amounts a 
the liquid left undisturbed on the skin will cause 
death in a matter of a few minutes. Entrance 
to the body through the eye surfaces and througt 
the linings of the mouth and nose is even more 
rapid. Liquid in the eye can result in the ab- 
sorption of a lethal dose as rapidly as inhaling 
concentrated vapor. When swallowed, the first 
symptoms are excessive flow of saliva, intes- 
tinal cramps, nausea, vomiting and diarrhea. 
After exposure to liquid or vapor, if the nerve 
agent is absorbed into the system, generalized | 


sweating, difficulty in breathing, muscular , 


weakness, and even convulsions, paralysis, 
and unconsciousness may be prominent symp- 
toms. 


Blister Agents 


IMMEDIATE CONTACT WITH LIQUID 
MUSTARD OR MUSTARD VAPOR CAUSES NO 
EYE OR SKIN PAIN OR ANY OTHER IMME- 





| 
| 
| 
| 


DIATE SYMPTOM. THIS IS A MOST IMPOR- 


TANT AND DANGEROUS CHARACTERISTIC. 
However, exposure to mustard for more 
than a half hour will produce the following 
symptoms: 
One-half to twelve hours after exposure, 
the contaminated EYES water, feel gritty, and 


become progressively sore and bloodshot. The ` 


lids become red and swollen. Infection fre- 
quently follows. 

Mustard vapor will burn any area of the 
SKIN, but the burn will be most severe in moist 
areas (neck, sex organs, groin, armpits, bends 
of knees and elbows). Redness of the skin fol- 
lows in one-half to thirty-six hours after 
exposure and may be accompanied by intense 
itching. Blisters may then appear and stiff- 
ness, throbbing pain and swelling may also be 
observed. 

Inhalation (breathing) of mustard vapor is 
followed after a few hours by irritation of the 
throat, hoarseness, and cough. After severe 
exposure the lining of the respiratory apparatus 
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wells and interferes with breathing; pneumonia 


requently follows. 


Extensive exposure to mustard—that is, the 


/hole body—is followed by a state of shock 


;ccompanied by nausea and vomiting. 


The NITROGEN MUSTARDS irritate the 


'yes before they irritate the skin or respiratory 


»ystem. The action on the eyes appears ina 
shorter time than that of mustard but not as 
soon as that of lewisite. Even low concentra- 
‘ions of these agents (HN-1, HN-3) may seri- 
»usly decrease the vision during or shortly 
1fter exposure. Later effects are similar to 
"hose of mustard. 


Contact of these agents with the skin pro- 


luces damage like that produced by mustard, 
ind their effect on the respiratory system is 
also similar. 


i 


In the liquid form their effect on the skin is 


tess marked than that of mustard, but the vapors 
>f some nitrogen mustards appear to be more 


effective blistering agents. 


Their systemic 


effects are much like those of mustard except 
that they are more pronounced. 


Liquid LEWISITE in the eye immediately 


causes severe eye pain and forces closing of 


the eyes. 


High concentrations of the vapor 


sting and burn the eyes; when inhaled, they 
cause sneezing, coughing, pain and tightness in 
the chest. These effects are oftenaccompanied 
by nausea and vomiting. The liquid and high 
concentrations of the vapor are almost imme- 
diately painful on the skin. Redness and blis- 
tering follow rapidly. 


Lewisite may cause extensive damage tothe 


eyeballs and may result in destruction of the 
eye. 
lewisite is indicated by anemia and jaundice; 


Poisoning of the system by the absorbed 


respiratory difficulties may also be observed. 


In general, MIXED BLISTER AGENTS cause 


x immediate skin irritation and severe eye pain. 
These symptoms are produced by the lewisite 


and not by the mustard. 


The skin lesions (injuries) produced by a 


mixture of lewisite with mustard resemble 
those produced by pure lewisite. 


Blood Agents 


The symptoms produced by the blood agents, 


| such as hydrogen cyanide, depend upon the con- 


, exposure. 


centration of the agent and the duration of the 
Typically, either death occurs 
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rapidly orrecovery takes place within a few 
minutes after a victim is removed from the 
contaminated area. If a victim inhales a high 
concentration blood agent, he begins to breath 
deeper within a few seconds, has violent con- 
vulsions after 20to 30 seconds, stops breathing 
regularly in one minute, then gives occasional 
shallow gasps, and finally,the heart stops only 
a few minutes after the beginning of the expo- 
sure. Following moderate exposure, giddiness, 
nausea, and headache appear very early and 
are followed by convulsions and coma. Long 
exposure to low concentrations may result in 
damage to the central nervous system. Mild 
exposure may produce headache, giddiness, 
and nausea, but usually recovery is complete. 

The effects of cyanogen chloride combine 
the effects of two agents—chlorine and cyan- 
ogen. The chlorine properties cause coughing, 
dryness of the nose and throat, tightness 
across the chest, smarting and watering of the 
eyes, and finally results in the accumulation 
of fluid in the lungs. Since cyanogenis similar 
to hydrogen cyanide, it causes giddiness, head- 
aches, unconsciousness, convulsion and death. 


Choking Agents 


In low concentration choking agents produce 
an action on the respiratory system which 
results in the accumulation of fluid in the lungs. 
This effect may result in death. High concen- 
trations produce death for the same reason, 
but the upper respiratorytract may be involved 
as well. The symptoms are usually delayed 
and afatal exposure may involve noimmediate 
symptoms. 

Exposure to choking agents may produce 
immediate dryness of the throat, coughing, 
choking, tightness across the chest, headache, 
nausea, and at times smarting and watering of 
the eyes. 

Even a mild exposure unaccompanied by 
immediate symptoms may cause fluid to accu- 
mulate in the lungs in from two to twenty-four 
hours after exposure. Presence of this fluid 
is indicated by shallow and rapid breathing, a 
hacking and painful cough, frothy saliva, and 
an ashen gray color of the skin. 


Vomiting Agents 


Exposure to the vomiting agents is soon 
followed by a "pepper-like'" burning of the 
eyes, nose, throat, and air passages accom- 
paniedby a flow of tears, and repeated coughing 
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and sneezing. These symptoms increase in 
severity for several minutes, and after aheavy 
exposure, are followed by a sense of fullness 
inthe head with pain in the nose, a violent head- 
ache and aching of the teeth and gums. The 
nose runs freely, mouth waters, and often there 
is nausea and vomiting. These signs and symp- 
toms are temporary and disappear soon after 
removal from the contaminated area. 


Tear Agents 


The tear agents irritate the eyes, nose, and 
throat, and moist skin areas. In addition, they 
produce nausea and vomiting, but these effects 
are temporary. If the liquid agent comes in 
contact with the skin, it may cause severe burns, 
particularly in hot climates. CNS is a lung 
irritant as well as a tear agent, and therefore 
may cause lung injuries. 

The usual symptoms resulting from expo- 
sure to the tear agents consist of stinging, 
burning, and watering of the eyes, followed by 
burning of moist skin areas especially at the 
edges of clothing (neck, wrists, ankles). 
Splashes of liquid are immediately painful. 


Screening Smokes 


On exposure to heavy concentrations of most 
screenirg smokes, the eyes become painful and 


Individual Action 


If there is sufficient warning in advance of 
an attack, make for the best shelter that is 
available, as quickly as possible. If you are 
on duty, your action of course must be deter- 
mined by the circumstances existing at the 
time. In general, this will be the same as that 
prescribed for anattack by ordinary high explo- 
sive (HE) bombs. At the sound of the alarm, 
get your protective mask ready. Proceed to 
your station or to a shelter as ordered. If you 
are ordered to a shelter, remain there until 
the "all clear" signal is given. 

In the absence of specially constructed 
Shelters during a nuclear explosion ashore, 
you can get some protection in a foxhole, a 
dugout, or in the lowest floor or basement of 
a reinforced concrete or strong steel-framed 
building. Generally, the safest place is in the 
basement, near walls; the next best place is 
onthe lowest floor in aninterior room, passage 
or hall, away from windows, and if possible, 
near a supporting column. Avoid wooden 
buildings if at all possible. If you have no 


During ABC Attack 
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watery. These symptoms are followed br 
coughing, running of the nose, and perhaps: 
feeling of tightness in the chest. Contamina- 
tion of the eye or skin with liquid FS will prc- 
duce severe burns and immediate pain. [ 
excessive quantities of these smokes ha: 
been inhaled, fluids may gather in the lungs. 
Severe effects are rarely encountered, hov- 
ever. Injuries will be encountered near the 
smoke generator or in enclosed spaces where 
the smoke may accumulate. Special cart 
should be observed in this regard when HC 
is used—vapors are quite poisonous whe: 
exposure has been prolonged. Serious injur; 
may also occur near the WP smoke generator 
if the burning particles of phosphorus have 
come in contact with the skin. : 


Incendiaries 


The incendiaries cause extremely severe 
heat burns. The severity of the burns is in- 
creased by the tendency of the particles tc 
become imbedded in the flesh and thus dela; 
healing. In the case of phosphorous the im- 
bedded particles may become absorbed in 
the blood-stream and cause systemic poi- 
soning. 


í 





choice, take shelter under a table or bed rather 
than go out into the open. If you have time. 
draw the shades and blinds tokeep out most of 
the heat from the blast. 


Tunnels, storm drains, and subways provide 
effective shelter except in the case of a nearby 
underground explosion. 


In the event of a surprise attack, no matter 
where you are, out in the open on the deck oí a 
ship, in a ship compartment, out in the open 
ashore, or inside a building, drop to a prone 
position, face down, in a doorway or againsta 
bulkhead or wall. If you have a protective mask 
with you, put it on. Otherwise, hold or tie 4 
handkerchief over your mouth and nose. Cover 
yourself with anything on hand, making espe- 
cially sure to cover the exposed portions of 
the skin such as the face, neck, and hands. I 
this can be done within a second of seeing the 
bright light of a nuclear explosion, some of the 
heat radiation may be avoided. Ducking under 
atable, desk or bench indoors, or into atrench |. 
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-tch or vehicle outdoors, with the face away 
*om the light, will provide added protection. 
* If youcan reach some kind of shelter within 
‘second, you might possibly avoid half of the 
‘Aamediate nuclear radiation. Shielding from 
Aclear radiation requires a considerable 
-ickness of material and this is not generally 
7ailable in the open. Besides, gamma radi- 
iion is scattered by air molecules, so that a 
hield infront of you does not provide complete 
-otection; shielding from all directions is 
=cessary. (See figures 5-1 and 5-2.) By 
topping tothe ground or deck, you may secure 
5me shielding from the terrain, buildings, or 
urrounding ship structures and equipment. 
„owever, since radiations continue to reach 
ie earth from the nuclear cloud for a short 
me as it rises, the protection will be only 
artial. 

Stay down for at least 10 seconds, or longer 
heavy objects such as large pieces of super- 
tructure, parts of roofs, or other heavy debris 
re still falling. This will allow time for the 
last wave to pass and lessen the danger from 
lying objects. 

' Although you may feel the effects of blast 
‘nd shock before you fully realize that a sub- 
surface nuclear explosion has occurred, you 
nay still have time to obtain some shelter from 


GAMMA RADIATION 


| 


GAMMA RADIATION 
DEFLECTED BY 
AIR MOLECULES 





| 
| 
| 


S ig 5-1.—Gamma radiation is scattered by air mole- 
cules; a shield in front does not provide complete 
| protection. 
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the base surge and fallout. You should re- 
member that the base surge is like a fog or 
mist and envelops everything over which it 
passes. Consequently, adequate shelter can be 
obtained ONLY in a closed space which the 
radioactive fog cannot penetrate. The fallout, 
on the other hand, descends almost vertically 
and protection from contamination is much 
easier to obtain. If you can't find shelter from 
both base surge and fallout, then you should at 
least seek protection from the fallout. If a 
protective mask is not available, hold a folded 
or wet handkerchief over your mouth and nose 
while the base surge is passing. 

The gas clouds of a CW attack and the aero- 
sol spray carrying BW agents can be as envel- 
oping and penetrating as radioactive fog; con- 
sequently, adequate shelters against these must 
be gas-proof and leak-proof. 

After an ABC attack every action you take 
should be with the thought of keeping down the 
spread of the contamination. Within the con- 
taminated area, do NOT eat, drink, smoke, 
chew gum, or do anything which requires putting 
your hand to your mouth. This will help pre- 
vent the entry of contaminated particles into 
your body. Do NOT stir up dust or step into 
puddles. Do NOT brush against shrubbery and 
trees or touch buildings, structures, and ob- 
jects in the contaminated area. Do NOT pick 
up "souvenirs." 

If you must remain in the contaminated area 
for some time, eat only food approved by a 
Medical Officer. If this is not possible, any 
foods or field rations with the outer wrap- 
pers intact can be considered safe IF you 
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Figure 5-2.—Shielding from all directions is necessary for 
complete protection from gamma radiation. 
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decontaminate the outside before you use them. 

Unpackaged foods or those whose packaging 

has been tornor opened are considered unsafe. 

DON'T use these without the approval of the 

Medical Officer. 

Use only water that has been approved by 
the Medical Officer. 

The internal radiation hazard dueto the in- 
haling of radioactive particles is even greater 
than that due to eating and drinking. If pos- 
sible, take shelter from dust clouds raised by 
the wind, by aircraft propellers, or by moving 
vehicles. Otherwise, use a protective mask or 
a handkerchief for protection. In the case of 
aircraft in flight, if there is reason to believe 
that the plane may be in the vicinity of a nu- 
clear cloud, protection for the crew can be 
obtained by shutting off the ventilation or pres- 
surization system. Further individual pro- 
tection can be obtained by the use of oxygen 
masks. 

As soon as the initial effects of an attack 
are over carry out self-aid, then look around 
to see if you can give first aid or emergency 
help of any kind to individuals nearby. The 
situation from this standpoint will be no dif- 
ferent from that following an ordinary bomb 
or incendiary attack. There is no danger in- 
volved in approaching or touching a person 
who may have received a dose of immediate 
nuclear radiation from an air burst. However, 
in giving first aid to casualties contaminated 
with CW agents, you should wear, at least, 
your protective mask and gloves. 

Persons with wounds which might permit 
radioactive material or BW and CW agents to 
enter the body should be taken to the nearest 
medical station for treatment. 

The important things to remember in the 
event of an ABC attack are these: 

"-1. Don your mask immediately, or hold a 
folded or wet handkerchief over your 
mouth and nose if you don't havea mask; 

. Adjust your clothing to cover as much of 

your exposed skin as possible; 

3. Slip on your protective cover if you have 
one, or cover yourself with anything on 
hand; 

4. Keep upwind of any contaminated area; 

9. As soonas the initial effects of the attack 
are over, administer self-aid and give 
first aid; 

6. If you are not a casualty, report to your 
duty station or to the designated area 
where you can take a shower and get 
clean clothes. When you are showering, 
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DON'T FORGET to scrub your hair, fac. 
hands, fingernails and feet thorough: 
. DON'T eat, chew, drink, or smoke ar: 
thing until the items have been checkë 
by a Medical Officer 
8. Don't spread rumors. 


SELF-AID AND FIRST AID 





If you or your shipmates should susta: 
injuries or become contaminated with rad- 
logical, biological, or chemical agents dur: 
an attack, you can increase your chances č 
survival by immediately administering certa: 
self-aid and first aid measures. Self-aid cor 
sists of those measures whicha man can app: 
to help himself. First aid is the assistar? 
rendered by nonmedical personnel to a casuat: 
until medical help arrives. 


The BLAST AND HEAT INJURIES from: 
nuclear explosion are treated in the sar: 
manner as those resulting from high explosi*: 
bombs, incendiary weapons, and mechanic 
accidents. Fractures, concussions, lacer- 
ations, contusions, hemorrhages, burns, shock 
and exposure are treated in accordance wit 
standard self-aid and first aid measures dé- 
scribed in the manual, Standard First At 
Training Course, NavPers 10081. 


There is nothing that needs to be done im- 
mediately for NUCLEAR RADIATION sickness. 
Remember that you could receive a dose 0 
radiation even though you are NOT contaminate¢ 
with radioactive particles. If there is the pos- 
sibility that you have been exposed to nuclear 
radiation, you will be checked by medical 
personnel and treated accordingly. In case 0 
contamination, you can remove most of the 
radioactive particles by taking off your clothes) 
since outer clothing will serve as a trap for 
these particles. | 





If directed, you will proceed to a personnel 
decontamination station where you will discar 
your clothing and equipment and take a shower, 
using plenty of soap and warm water. In wash- 
ing, pay close attention to the hairy parts o 
your body, body creases, and fingernails, where 
dirt tends to gather. If a supply of water is 
lacking, wiping yourself with any CLEAN mate- | 
rial at hand; such materials as paper, straw. 
grass, leaves, or sand, will remove some 0 
the radioactive contamination from the skin. 
But the material used for wiping MUST BE 
UNCONTAMINATED, or it may do more har, 
than good. Take care to prevent tearing the 
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“xin or forcing contamination into wounds, 
‘dy openings, or skin folds. 
= Since symptoms caused by BW AGENTS 
^ay not appear for several days, you may not 
e awarethat a BW attack has occurred. How- 
ver, should you suspect that BW contamination 
as taken place, put on your protective mask 
[nd observe the basic principles of preventive 
1edicine, which include individual hygiene, 
-anitation, and physical check-ups. Report 
‘ny illness to medical authorities immediately. 
3 If there is a possibility that you have been 
-ontaminated by BW agents, carefully remove 
-our clothes to avoid spreading any contamin- 
-tion and take a thorough soap and water shower 

-S soon as possible. Pay careful attention to 

rour face and hands. Use a fingernail brush 

.0 remove dirt under your nails. Brush your 
eeth and gums frequently and the roof of your 

snouth and your tongue. Change your clothes 
ind dispose of contaminated clothing as 
lirected. 

, if youare unable to shower, use some means, 
such as oil fog, to seal the germs to the 
“slothing. 

- The speed with which the deadly effects of 
3ome CW AGENTS take place will require you 

“o take immediate self-aid and first aid 
neasures. 

At the first sign of NERVE AGENT in the 
'atmosphere, put on the protective mask imme- 
‘diately. If possible, hold your breath until the 
mask is on and properly adjusted. Wear the 
‘mask constantly until you are sure there is no 
‘nerve agent in the air, and the all-clear signal 
is given. 

' H liquid nerve agent gets on the skin or 
‘Clothing, remove it at once. Liquid agent on 

‘the skin should be blotted with one of the cloths 

Írom the Protective Ointment Kit, M5A1, or 

with a handkerchief or apiece of outer clothing. 

The blotting should be done with a minimum 

.of rubbing, as vigorous rubbing increases the 

absorption of nerve agents. Next, flush the 

.contaminated area with water for at least 30 

.Seconds, or swab it with a fresh cloth soaked 

with water. (If water is not available, blot off 

theagent and follow the rest of the instructions.) 

,Next, apply Protective Ointment M-5 freely 
to the contaminated skin, rub it in for 30 sec- 
onds, and wipe off the excess ointment. Then, 
make a second application of ointment and 
_ allow it to remain on the skin asa visible film. 
, Do not use Protective Ointment M-5 in or near 
the — Quickly remove or cut away con- 

| nated clothing and discard. Continue your 
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combat duties. The contaminated area should 
be examined occasionally for local sweating 
and muscular twitching. If these occur, inject 
a syrette of atropine into an uncontaminated 
area of the thigh or upper arm. If needed, 
give yourself up to two more injections. More 
than three injections may be given under 
supervision of Medical Personnel, if available, 
or under direction of your NCO or officer in 
charge. 

If a drop or splash of liquid nerve agent 
should get intothe eye, instant actionis neces- 
sary toavoid serious symptoms. Quickly open 
the canteen, or some other container of uncon- 
taminated water, tilt the head back so that the 
eyes look straight upward, and pour water 
slowly, so that the irrigation will last not less 
than 30 seconds. This irrigation must be done 
in spite of the presence of nerve agent vapor. 
Hold the breath as much as possible during 
this procedure. If the breath cannot be held 
long enough to complete rinsing the eye with 
water for 30 seconds, rinse as long as the 
breath can be held but put on the mask before 
breathing. After taking several breaths with 
the mask on, remove the mask and complete 
decontamination. As soon as the irrigation is 
completed, put on the protective mask at once. 
The pupil of the contaminated eye should be 
watched during the next minute, in a mirror if 
one is available or else by someone nearby. 
If the pupil gets rapidly smaller, inject one 


Syrette of atropine at once into the thigh or 


upper arm. If the pupil does not get smaller, 
the eye contamination was not by nerve agent. 
DO NOT use atropine until you are SURE that 
the symptoms are those of nerve agent poison- 
ing. 

Exposure to high concentrations of nerve 
agents may bring on a lack of coordination, 
mental confusion, and collapse so fast that a 
casualty may not be able to perform self-aid 
measures. If this happens, the necessary pro- 
cedures will have to be done for him as first 
aid by the nearest man who is able to do so. 

Severe nerve agent exposure may rapidly 
cause unconsciousness, muscular paralysis, 
and stoppage of breathing. When this occurs, 
atropine alone will not save life. Artificial 
respiration, as a first aid measure by the 
nearest man able to do so, must be started 
immediately and must be continued until either 
natural breathing is restored or the casualty 
can be taken over by medical personnel. An 
atropine injection increases the life-saving 
effectiveness of artificial respiration and 
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Should be administered to the casualty as soon 


as possible, preferably by another man who is 
not performing the artificial respiration. The 
casualty should be placed in the prone position, 
head turned to one side, with his head lower 
than the rest of his body, if possible, so that 
the heavy secretions which collect in the mouth 
and air passages will drain away. Wiping out 
the mouth and throat with a finger may help 
clear the air passages. 

Whenever liquid or vaporized BLISTER 
AGENTS are known to be present, be sure to 
wear the protective mask. Liquid blister 
agents in the eyes or on the skin constitute an 
emergency which must be dealt with imme- 
diately by the individual concerned. Personal 
decontamination is the responsibility of all 
personnel. 

Liquid blister agent in the eyethat does NOT 
cause immediate pain is decontaminated by 
rinsing the eye with water for at least 30 sec- 
onds. Follow the procedure for irrigation of 
the eye previously described for nerve agents. 
Decontamination with water effectively re- 
moves mustard and this procedure is now 
standard for all agents. 

The risk of leaving liquid blister agents in 
the eye is so much greater than that from expo- 
sure to blister agent vapors, during the short 
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period of decontamination, that the abor 
decontamination MUST be performed in spi 
of the presence of vapor. 


Because PHOSGENE OXIME reacts rapic; 
with tissue, decontamination will not be entire: 
effective after pain has started. Nevertheless 
the contaminated area should be flushed 2 
rapidly as possible with large amounts d 
water, to remove any phosgene oxime whith 
has not yet reacted with tissue. 

In the case of BLOOD AGENTS. speed it 
self-aid and first aid is absolutely essential. 
If you notice any irritation of the eyes, nos 
or throat, put on the protective mask as fas 
as possible. Blood agents act so rapidly thz 
within a few seconds their effects will mak: 
it impossible for an individual to put on tk 
mask by himself. Try to hold the breath un: 
the mask is on the face, if at all possible 
this may be very difficult, since blood agen: 
strongly stimulate respiration. 

Administer first aid to any casualty wh: 
goes into a coma or into convulsions due i| 
blood agent poisoning. Crush a pearl of amy 
nitrite and place it over the victim's nose A 
under his protective mask. Two pearls cankb 
used at a time, if necessary. Also, this pro- 
cedure may be repeated, for a total of eigh 
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2arls, if required. IT SHOULD BE NOTED 
.HAT A FULLY CONSCIOUS PERSON WILL 
IND IT DIFFICULT OR IMPOSSIBLE TO 
OLERATE HIGH CONCENTRATIONS OF 
MYL NITRITE UNDER HIS MASK. If breath- 
ag has stopped, the amyl nitrite treatment 
hould be augmented with artificial respiration. 


: Irritation of the eyes or a change in the 
aste of acigarette might indicate the presence 
f phosgene, a CHOKING AGENT. Smoking 
1ay become tasteless, or offensive in taste. 
I any one of these signs occurs, put on the 
.rotective mask at once; hold your breath 
7hile doing this. Unless there is difficulty in 
;reathing, nausea and vomiting, or more than 
he usual shortness of breath on exertion, 
continue your normal combat duties. If any of 
hese symptoms occur, you should rest quietly 
antil you are evacuated by medical personnel 
fig. 5-3). 


| E you detect any of the symptoms of a VOM- 
[TING AGENT, put on the protective mask and 
wear it in spite of coughing, sneezing, increase 
in the flow of saliva, and nausea. Lift the mask 
from the face briefly if necessary to permit 
vomiting, or todrain salivafrom the facepiece. 





Carryon your duties as vigorously as possible; 
this will help to lessen and shorten the symp- 
toms. 


In the presence of TEAR AGENTS, put on 
the protective mask, breathe forcibly a few 
times to clear the mask, and keep the eyes open 
as much aspossible. When your vision clears, 
carry on with your duties. When it is safe to 
do so, remove the mask and blot away tears, 
but DO NOT RUB the eyes. If liquid or solid 
agent has entered the eye (rare occurrence), 
forcibly hold the eye open and flush it out with 
water. 


Put on the protective mask at once in all 
concentrations of screening smokes which 
cause any^cough, any irritation of the nose, 
throat, or eyes, or prickling sensations of the 
skin. Always wear the mask when exposed to 
any HC smoke screen for longer than 30 min- 
utes. If you are splashed with liquid FS on the 
skin, wash off the skin at once with water. If 
liquid FS gets into the eye, forcibly hold the 
eye open and flush it out with water; then report 
for medical treatment as soon as the combat 
situation permits. If nausea, vomiting, or 
difficulty in breathing develop, report for 


» 
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Figure 5-3.—Self-aid against choking agents. 
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medical treatment as soon asthe combat situ- 
ation permits. Meanwhile, carry on with com- 
bat duties as fully as possible. 

Burns from INCENDIARY AGENTS will be 
treated in accordance with the standard pro- 
cedures for any burns, as described in the 
Standard First Aid Training Course, NavPers 
10081. If burning particles of white phosphorus 
strike and stick to the clothing, take off the 
contaminated clothing as quickly as possible, 
before the phosphorus burns through to the skin. 


If burning phosphorus strikes the skin, smother | 
the flame with water, a wet cloth, or wet mud. - 


Remove the phosphorus particles with your 
knife, bayonet, stick, or other available object. 
It may bepossible to remove some particles by 
rubbing with a wet cloth. If the particles can- 
not be removed, keep the burn or wound sub- 
merged in water or covered with a wet dressing 


— 


to keepout theair. Caution: Do not use greasy 


materials to cover burns still containing phos- 
phorus particles. 


Collective Protection 


SHELTERS AFLOAT 


Since nuclear weapons are capable of tre- 
mendous destructive effects both as tointensity 
and as to area of coverage, it is evident that 
some means of mass protection must be avail- 
able to safeguard large concentrations of per- 
sonnel both ashore and afloat. Shelters of some 
type are a necessity. 

Larger ships, and especially those having 
protective armor, provide some shelter from 
blast, heat, and immediate nuclear radiation 
effects. Such shelter would, of course, be 
available to you and your shipmates only if 
your shipboard duties will permit you to be 
stationed behind shielding. 

Generally speaking, the farther you are 
below the main deck, the better you will be 
protected from nuclear radiation. You will be 
shielded by the armored decks, the shell plating 
and side armor, and by the wing water and fuel 
tanks which form part of the antitorpedo pro- 
tection. Furthermore, if you are located well 
below the waterline, the external sea water 
itself offers shielding against the immediate 
nuclear radiation. Even for a fairly high air 
burst occurring one-half mile away or more, 
the radiation will strike the ship at such an 
angle that it must pass through an appreciable 
thickness of water before entering the ship 
below the waterline. Unless special shielding 
is available, topside personnel will be exposed 
to both thermal and nuclear radiation, as well 
as to the effects of blast. 

In an underwater burst, where there will be 
no immediate radiation, there is still the pos- 
sibility of contamination from the base surge, 
so all openings will be secured when ordered 
by the commanding officer. After an under- 
water explosion, at not too close quarters, you 
may still have time to obtain shelter from the 
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base surge and water fallout in case it is not 


possible for the entire ship to avoid this con- : 


tamination by maneuvering. 
The shielding protection against radiation 
hazards offered at various interior locations 


in a ship may be largely canceled out if suffi- - 


cient radioactive fallout reaches these interior 


locations through the air supply, saltwater ` 


systems, or weather openings. To prevent 
contamination of interior spaces through these 
systems, material readiness conditions have 


been established which require a "gas-tight _ 


weather envelope" to be formed while the ship 
is in fallout. 

When contact with airborne fallout is ex- 
pected, material readiness condition CIRCLE 
WILLIAM can be used. This condition requires 





the securing of all weather openings and venti- ` 


lation systems, but does not require the secur- 
ing of the combustion-air supply tothe boilers. 
When contact is expected with significant 
amounts of radioactive material in the water, 
material readiness condition WILLIAM can be 
used if the tactical situation permits. 
condition requires the closing of sea suction 
valves to the condenser systems and other 
saltwater systems. 


SHELTERS ASHORE 


Special personnel shelters are required at 
naval shore activities to provide protected 
locations where communications, command, 


This ` 


and similar functions can be conducted without ` 
interruption from ABC warning alerts or actual | 
attacks. Also, in case of attack personnel of | 
emergency recovery forces, such as first aid | 


and rescue teams, detection and decontamin- 


ation teams, and essential malntenance or | 


utility crews probably will need protected sites 
from which to stage recovery operations. 


| 
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though protective masks and clothing will 
ovide adequate individual protection against 
N and CW agents, this equipment cannot be 
orn indefinitely. Many vital functions cannot 
' performed while wearing such equipment. 
ius, protective shelters are needed so that 


'rsonnel can perform essential functions and | 


ities as well as eat and rest during prolonged 
tacks. 

Shelters ashore are designated as either 
rst-class or second-class protection. These 
rms do not describe protection against blast 
fects, but indicate only whether air filtration 
| supplied. 

First-class protection offers full or com- 
lete protectionagainst biological and chemical 
arfare for personnel without masks. Gener- 
lly, this class of protection is provided only 
or special groups, including command and 
ommunications personnel and certain emer- 
ency recoveryteams, suchas first aid, decon- 
amination, and maintenance crews. Personnel 
n first class shelters need not mask because 
he shelter is pressurized and the air supply 
s filtered. 

Second-class protection requires that per- 
sonnel wear masks for protection against BW 
ind CW agents. First-class shelters may in- 
‘lude facilities for personnel decontamination; 
second-class shelters do not. 

Shelters may also be classed as either 
multi-purpose or single-purpose shelters. 
Multi-purpose shelters are those located within 
10rmal station buildings; specifically, a por- 
ion of each building ata naval activity is con- 
verted to a personnel protective shelter. Build- 
ings may be converted to either a first-class 
shelter, a second-class shelter, or both. 
Ordinarily, the building serves its normal 
purpose, but in the event of attack, it may also 
be used as a personnel shelter. 

Single-purpose shelters are designed espe- 
cially to resist ABC attack. These shelters 
are ideal bases of operations for command 
centers, decontamination teams, and other 
recovery personnel. 

One of the most important features of apro- 
tective shelter is its effectiveness in keeping 
out BW aerosols, CW agents, and radioactive 
particles. For first-class shelters a high 
degree of efficiency is possible with special 
pressurizing equipment, which maintains a 
Slight positive pressure within the shelter. 
Thus, if the shelter is reasonably gasproof, 
all leaks will be minor and these will be 
Outward. 
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Another important feature of a protective 
shelter, and one that determines its maximum 
capacity, is the available air supply. Personnel 
engaged in light tasks will require from 7 to 
10 cubic feet of air per minute, while inactive 
personnel will require a minimum of one cubic 
foot of air per minute. Collective protectors 
are mechanical devices which supply first- 
class shelters with fresh, clean air. Air is 
drawn in from the outside atmosphere, purified 
in a canister, and then delivered to the shelter 
room. When properly installed and equipped 
with charcoal filters (for CW agents) and a 
particulate filter (for BW agents and radio- 
active particles), collective protectors provide 
adequate protection against all known poisonous 
aerosols and gases. Two types of collective 
protectors, the M6 and the M9 (E28) are cur- 
rently being used in the Navy. 


Other devices used with shelters for ABC 
collective protection are air locks (fig. 5-4). 
An alr lock may be defined as an intermediate 
chamber between the inside and the outside of 
a shelter; its purpose is to prevent direct entry 
of ABC agents into the shelter. A pressur- 
ized air lock is required to keep ABC agents 
from entering the shelter. The air locks 
which are used in first-class (pressurized) 
shelters may be either portable or constructed 
in place. (See figure 5-4.) 


You may be assigned to a shore station 
where special shelters have been constructed. 
These may be built underground of reinforced 
concrete, perhaps two feet thick, and with 
considerable earth cover. Each shelter will 
have at least two exits, in case one caves in 
or is blocked by debris. The entrance pas- 
sages (or ramps) will be at right angles to the 
shelter proper so as to avoid direct exposure 
to blast and thermal and nuclear radiations. 
To prevent the entry of contamination, the 
shelter will be airtight, except for provision 
made for supplying air by fans or blowers. 
Efficient filters will be placed in the inlet 
ducts. Because there may be a power failure 
in the event of a nuclear attack, an emergency 
source of electricity will be available to pro- 
vide lighting and to operate the ventilation 
system. 


Where shelters are required mainly for 
protective purposes and not to house vital 
operational or control activities, much simpler 
methods can be used. Tunnels cut ina hill- 
side, with entrances at right angles to the 
main tunnel, form very effective shelters. 
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Figure 5-4.-A three-compartment portable airlock. 


There are several other forms of shelter area and covered with earth. (See figure 5-5.) x 
which use earth as a protective shield. In the Two ramps, dug at right angles to the shelter, 
"cut-and-cover" type a deep pit or trench is would lead to the doors. A somewhat similar 
dug and the sides are shored up with planks shelter can be made from steel culvert sec- 
and wooden columns. Stout beams are placed tions of large diameter. Several sections can 
across the excavation and sheets of corrugated be joined together, placed in an excavation. 
iron laidover them. These are finally covered and an appropriate earth cover added. (See 
with a layer of earth at least three feet thick. figure 5-6.) 

The approach is by a ramp entrance at right 

angles to the shelter, with two such entrances You must remember that the simple types 
to each shelter. Digging tools should be avail- of earth shelters cannot be made airtight. Thus 
able as a further precaution against being it would beimpossibleto keep out BW aerosols, 
trapped by cave-in. Beyond one-half mile or CW gases, or airborne radioactive particles. 
so from ground zero a shelter of this kind will The only satisfactory way you can overcome 
provide good protection against the effects of the immediate effects of these hazards is to 
an air-burst with a 20KT nuclear bomb. use your protective mask or a respirator. If 

A more elaborate form of the cut-and-cover this is not possible, you can keep out most of 
shelter uses a quonset hut placed in an excavated the radioactive dust and some of the BW agents 
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hut in excavated area. 


by breathing through a handkerchief or a piece 
of cloth. 

Ashore, it may be possible for you to take 
advantage of the terrain. A hill between you 
and an exploding nuclear bomb will almost 
completely cut off the heat. Although it may 
not entirely eliminate the effects of a nuclear 
blast and the immediate nuclear radiation, it 


| may very well reduce them to such an extent 


that your life will be saved. 

Collective protection against BW agents 
requires basically leak-proof spaces which 
prohibit the entrance of these organisms. Such 
areas must be provided with equipment which 
can supply non-contaminated air. Any type of 
enclosed shelter, however, will provide a 
measure of protection against contamination 
by an airborne agent. Whenever practicable, 
full advantage of the protection afforded by 
buildings, compartments, field fortifications, 
and enclosed vehicles should be taken during 
an actual or suspected attack with BW agents. 

It is possibleto achieve collective protection 
in spaces where some leakage occurs by the 
establishment of positive pressure with pure 
air. In this case the pressure within the pro- 
tective spaces causes an outward flow of air 
at all leakage points. 


When advantage is taken of the protection 
afforded by buildings, field fortifications, or 
enclosed vehicles during a BW attack, person- 
nel should NOT remain in the enclosed spaces 
after the attack because the possible concen- 
tration of agent within the enclosure might be 
greater than that outside. The concentration 
outside is often dissipated by wind. 

CW gases can permeate most spaces; con- 
sequently, the best protection against these 
agents is still the protective mask. Shelter of 
any type might offer some protection against 
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Figure 5-6.—Cut-and-cover shelter—earth-covered steel 
culvert sections in excavated area. 


liquid CW agents. To be effective against CW 
vapors, a shelter would have to be gas-proof 
and pressurized sothat air would flow outward, 
thus keeping the agents out. 


Aboard ship special units may be installed 
in the future to furnish fresh, filtered air to 
certain compartments, thus providing specific 
collective protection spaces. 


It is essential that precautions be taken to 
assure that personnel coming into a protected 
area are free from contamination before enter- 
ing. This can be achieved by the establishment 
of air locks and personnel decontamination 
stations adjacent to theprotected areas. Traf- 
fic from one portion of the ship to another 
would be limited, in so far as possible, to pre- 
vent the spread of contamination. 


PERSONNEL DECONTAMINATION 
STATIONS 


Personnel decontamination stations will 
differ somewhat from ship to ship, but the basic 
requirements are thesame. Toprevent recon- 
tamination of personnel and ship locations, 
each decontamination station will be divided 
into three parts: a contaminated or unclean 
section, a washing area and a clean section. 
If possible, the unclean and clean sections 
will have separate access routes or entrances. 
Showers with warm water (if possible), cleans- 
ing- agents, towels, and brushes will be pro- 
vided for personnel decontamination. Radiation 
instruments for monitoring personnel and 
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clothing, and supplies of clean clothing will 
also be on hand at each station. 

All shower spaces on the main deck of a 
ship and below may be used as decontamination 
stations. Where showers do not exist on the 
main deck or below, shower spaces above the 
main deck will be used. In addition to all 
existing fresh-water showers, salt-water 
showers will be provided in some washrooms. 
Decontamination stations will be set up at the 
locations indicated below: 


SHIPBOARD LOCATION OF 
DECONTAMINATION STATIONS 
Ship type 


Total Number Amid-|For- 
of locations Aſt ships |ward 


or class 
4 2* 
2 0 


* ] on Port side, 1 on Starboard side 
















Large 
Carriers 
Small Carriers 
Cruisers, 
Destroyers, 
and Auxil- 
iaries 


Washrooms can be used as decontamination 
stations with only minor modification. Where 
practicable, and where no loss of sanitary or 
living facilities result, a separate entrance 
and exit will be provided for these stations. 
Entrance should always be from a contaminated 
part of the ship into the station; exit should 
always be from the station to a clean part of 
the ship. 

Ashore, the decontamination of personnel 
can be accomplished at either permanent de- 
contamination stations or improvised cleansing 
stations. Both types will have the same fea- 
tures as a shipboard station; that is, an unclean 
or undressing area, a washing area, and a 
clean or drying and dressing area. Figures 
5-5 and 5-6 show possible layouts for both 
types of shore decontamination stations. 


The general procedure for decontamination 
at a personnel decontamination station is as 
follows: 

a. Enter the undressing area after scuffing 
your feet in a box containing a dry mix 
of sand and bleach. Sit on a bench with 
your feet onthe unclean side and remove 
your shoes. Pivoting on thebench, swing 
your legs to the clean side and remove 
your outer clothing. Note that under- 
wear, socks, and protective mask are 
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kept on. Exercisegreatcareinremoving 
your clothing to prevent the possible rise 
of a secondary aerosol. Place your 
clothing in containers with tightly fitting 
lids. Pass to another section of the 
undressing area where you will remove 
your underwear and socks, depositing 
them in appropriate containers. 


b. Upon entering the washing area, apply 
5% tincture of iodine to any skin cuts or 
abrasions. Then proceed to take a 
shower, spending at least 5 minutes in 
soaping, scrubbing, and rinsing. The 
following steps inshowering are recom- 
mended: 


(1) Get wet all over. 

(2). Scrub the hands for 1 full minute 
with soap. Give special attention 
to the fingernails. 

Soap your body for 1 minute with 
special emphasis on the hairy por- 
tions. 

Rinse your body for 1/2 minute. 
Note that the protective mask re- 
mains on through this rinsing step. 
Remove the protective mask and put 
it in an appropriate can with a lid. 
Soap your hair for 1 minute; rinse. 
Soap and wash your body for 1 minute. 
Final rinse for 1/2 minute. 


(3) 


(4) 


c. Proceed tothe dressing area. Dry your- 
self off as speedily as possible. If AW 
contamination is involved, report for 
monitoring. Put on clean clothing. 


You must realize that the mechanical action 
of showering merely washes away the BW 
agents; it will not destroy them. Therefore, 
it is imperative that any illness, however 
minor, be reported at once to the medical 
officer. 


PERSONAL HYGIENE, SANITATION, 
AND VACCINATION 


Because they are generally living organ- 
isms, protection against BW agents should also 
include extreme care in personal hygiene; 
that is, bathing, frequent change of clothes, 
laundering, rest, proper diet, and any similar 
actions which aid in the destruction of germs 
and keeping your body in condition to resist 
infection. Maintaining proper sanitary condi- 
tions will also help. Destroy insect pests; 
dispose of garbage and other wastes in 
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» accordance with accepted standards of sani- 
£ tation. In other words, don't permit any 
s; conditions which will aid the survival and 


Finally, be sure that you obtain any author- 
ized vaccinations to help you to avoid disease, 
and any shots which will lessen the effects of 
a disease. 


- Spread of BW agents. 


QUIZ 


1. The blast and heat injuries suffered in a 11. When liquid nerve agent contaminates the 
à nuclear explosion will not differ greatly skin, one of the first signs of exposure 
E in character from those caused by: may be: 
! a. chemical warfare agents a. nausea and diarrhea 
À b. ordinary high explosives and incen- b. excessive sweating and twitching of 
diaries the muscles 
c. Biological warfare agents c. contraction of the pupils of the eyes 
d. all of the above d. excessive flow of saliva and vomiting 
^ 2. Blast injuries can be divided into 
5 and injuries. 12. The most important and dangerous charac- 
teristic of liquid and vapor mustard is 
; 3. Injuries caused mainly by collapsing build- that it causes: , 
y ings and flying debris are called: a. nausea and diarrhea 
a. primary blast injuries b. contraction of the pupils of the eyes 
b. direct injuries c. blisters f , 
c. sustained injuries d. no eye or skin pain 
| d. secondary blast injuries 
"d and are frequently serious 13. Mustard vapor will cause the most severe 
| complications of blast injuries. burns in areas of the skin that are: 
a. moist 
|. 5. Whatis thedifference between the primary b. dry 
and the secondary burns which can result c. hairy 
from a nuclear explosion ? | d. covered 
6. Thetwofactors whichdetermine the sever- 14. Liquid lewisite in the eye immediately 
ity of a burn are the of the burn the causes: 
— of the skin a. blindness 
affected. b. severe pain 
C. nausea 
7. The first indication you will get that you d. headache 
have been exposed to nuclear radiation 
will be in the form of the following symp- 
toms: 15. Following moderate exposure to blood 
a. nausea and vomiting agents, giddiness, nausea and headache 
b. nausea and loss of hair appear very early and are followed by 
c. diarrhea and loss of hair and . 
d. fever and loss of weight 
8. The three general symptoms of infection 16. In low concentration choking agents pro- 
are , and ; duce an action on the respiratory system 
which results in: 
9. Plant diseases may attack the tis- a. paralysis of the lungs 
sues of plants and interfere with b. vomiting and diarrhea 
movement. c. accumulation of fluid in the lungs 
d. pneumonia 
10. Constriction of the pupils of the eyes and 
running nose may be symptoms of poison- 17. The effects of both vomiting and tear 


ing by: 


agents are: 


a. choking agents a. temporary 
b. blister agents b. fatal 

C. nerve agents C. Severe 

c. blood agents d. permanent 
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18. An individual's first line of defense in an 
ABC warfare attack is his 





19. In the event of a surprise attack, drop to 
a prone position, face down, in a doorway 
or against a bulkhead or wall and: 

a. put on impermeable clothing 
b. put on your lifejacket 

c. put on your foul weather gear 
d. put on your protective mask 


20. During an atomic attack, stay down for at 
least seconds or longer. 


21. If a protective mask is not available, a 
can be used to avoid inhaling radio- 
active particles. 


22. If youare ina contaminated area, DO NOT 
anm a OP... til 
the Medical Officer has checked supplies. 


23. It (is) (is not) dangerous to approach or 
touch a person who may have received a 
dose of immediate nuclear radiation from 
an air burst. 


24. The basic principles of preventive medi- 
cine include: 
a. individual hygiene 
b. sanitation 
c. physical check-ups 
d. all of the above 


25. You should never give yourself more than 
injection(s) of atropine. 


a. one 
b. two 
c. three 
d. four 


26. Atropine injection should be given: 
a. under any circumstances 
b. only when nerve agents symptoms 
are certain 
C. before entering a contaminated area 
d. none of the above 


27. Severe nerve agent exposure may require 
the administration of 


28. If a liquid blister agent in the eye causes 
immediate pain, use 

. amyl nitrate 

. protective ointment M-5 

. atropine 

. water 


anno 
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29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


31. 


38. 


39. 


Firstaid to a blood agent casualty includes 
administering: 

a. amyl nitrite 

b. atropine 

C. ammonia 

d. smelling salts 


The best shielding against immediate 
nuclear radiation on board a ship is: 

a. on the bridge 

b. on the main deck 

c. below the waterline 

d. above the waterline 


When contact with airborne fallout is 
expected, use material condition: 
a. X 


b. Z 
c. 
à @ 
First-class shelters: 
a. do not require personnel to mask 
b. are pressurized 


c. have filtered air supplies 
d. all of the above 


Second-class shelters (do) (do not) include 
facilities for personnel decontamination. 


Mechanical devices which supply first- 
class shelters with fresh, clean air are 
called: 

a. protective masks 

b. collective protectors 

c. protective collectors 

d. air locks 


The purpose of an air lock is to: 
a. purify the air in a shelter 
b. prevent entry of air into a shelter 
c. prevent entry of ABC agents intoa 
shelter 
d. trap ABC agents 


A personnel decontamination station is 
divided into parts. 


In showering, particular attention should 
be paid to the. | portions of the body. 


Showering (will) (will not) destroy BW 
agents. 


Entrance into a personnel decontamination 
station should always be: 
a. from the contaminated part of the 
ship 
b. through the clean areaof the station 
c. through the washing area of the 
station 
d. from the clean part of the ship 








CHAPTER 6 
PROTECTIVE EQUIPMENT AND ITS USE 


US js 


PROTECTIVE MASKS 


The most important single piece of equip- 
nent for individual protection against ABC 
ittack is the protective mask. The volume of 

air inhaled by a man depends upon his physical 
(ctivity. A man at rest inhales approximately 
LO quarts of air each minute and the volume 
ncreases with physical exercise. Thus, it is 
ipparent that a considerable quantity of ABC 
agents could be inhaled in a very short time. 
Ihe protective mask prevents the entry of ABC 
agents by filtering the air inhaled. 

Filtration is accomplished in the canister 
>f the mask by means of an efficient mechanical 
filter and by a chemical filling. The canister 
is capable of keeping out BW agents, CW agents, 
and radioactive dust. Military canisters are 
not exhausted or deteriorated by BW agents. 
Their external surfaces can be decontaminated 
and the canister reused inan emergency. How- 
ever, undue exposure to substances used in 
BW decontamination does affect the canisters. 
Canisters offer only limited protection (approx- 
imately 30 minutes) against formalin vapors 
in concentrations normally encountered during 
BW decontamination. 

There are three types of protective masks 
‘currently issued to Navy personnel: the ND- 
MK V, issued to forces afloat; and the .M3A1- 
10A-6 and M8A1, issued to shore- based person- 
nel. All masks consist of a facepiece and 
canister system. The facepiece provides a 
gastight seal around the face protecting the 
eyes, lungs and facial skin. The canister sys- 
tem is attached to the facepiece; ABC agents 
are filtered out or adsorbed before air enters 
the facepiece for inhalation. 

Facepieces consist of a face-blank (rubber 
skin protector) which should fit snugly over the 
face to provide a perfect seal. Mounted in the 
face-blank are eyepieces, harness assembly 
(to strap and secure the mask to the head), a 
one-way valve to allow exhalation but no air 
intake during inhalation, and a connection as- 
sembly to the canister. The ND-MK V also 
has a diaphragm assembly to allow better 
communication. 
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Canisters consist of a metal body containing 
a mechanical and chemical filter system. The 
mechanical filter is a fine screening material 
which collects particles—radioactive dust, 
solid CW agents, BW agents, and smoke par- 
ticles. Vapors are adsorbed and neutralized 
by the chemical filter, which is a high grade 
of activated charcoal. As vapors pass over 
the porous surface they are caught inthe small 
holes and condense. 


The masks protect against most CW agents 
in normal concentrations. Poisonous gases 
such as carbon monoxide, carbon dioxide, 
ammonia, commercial fuel gases, and others, 
however, will pass through the canister. 
Therefore, special masks are required to 
protect against these gases. 


It must be realized, too, that the mask 
merely purifies the air and will not supply or 
manufacture oxygen. For this reason the mask 
must not be used where the air is deficient in 
oxygen. If it is necessary to enter areas or 
compartments where there is a deficiency of 
oxygen, the Navy oxygen breathing apparatus 
should be used provided that no combustible 
vapors are present. If such vapors are present, 
the Navy hose mask must be worn. 


The protective masks will protect you al- 
most completely against inhalation of nerve, 
blister, choking, vomiting and tear agents. The 
ND MK V canister is highly resistant to spray, 
rain or brief immersion; however, it should 
be drained, wiped and allowed to dry after such 
exposure. Extended immersion may damage 
the canister beyond repair. 


Canisters come equipped with seals over 
the air intakes and outlets to prevent absorp- 
tion of atomospheric humidity. These seals 
are removed and discarded when the canisters 
are put into use. Once unsealed and breathed 
through or left open for more than a few min- 
utes, any protective mask canister should not 
be resealed in any way. 


A tube of antidim is included with the mask; 


it is used to prevent the fogging of the eye- 
piece or lens. 
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CARE OF THE MASK 


Because of the great importance of the pro- 
tective mask, the greatest possible care should 
be observed to maintain it in an efficient oper- 
ating condition. The important factors in 
maintaining the mask are as follows: 

The mask must be kept dry. Moisture 
causes rotting of parts, corrosion of the metal, 
deterioration of the canisters, and mildewing 
of the carrier. Perspiration should be re- 
moved carefully. 

Only authorized equipment, such as the kit 
containing protective ointments, should be 
placed in the carrier. 

The masks should be handled carefully. 
Rough treatment may cause serious mechan- 
ical damage in the metal parts, tears in deli- 
cate portions, and scratched orbroken lenses. 

The masks should be inspected regularly 
and repairs should be made promptly. 

All ointments should be removed from the 
mask after use. 

The mask should be replaced properly in 
the carrier. 

Storage should be in a cool, dry, dark place 
free from such solvents as benzene and carbon 
tetrachloride and their vapors. 

If it is necessary to stowthe mask unboxed, 
Stacks should not consist of more than five 
masks, and care must be exercised to pre- 
vent stowage of heavy material on the pile. 

Masks should be thoroughly cleaned when- 
ever they are stowed or exchanged. Dirt should 
be removed with soap and water. Oil and gas- 
oline vapors weaken the rubber and are espe- 
cially damaging to the activated carbon in un- 
sealed canisters. 

Masks should be tested prior to use. 
Improvised gas chambers may be used for 
periodic tests. 

Mask repairs are best taken care of at 
Shore-based industrial facilities. In forward 
areas repairs will usually amount to patching 
of leaks in face-pieces, alterations to accom- 
modate hard-to-fit faces, and replacements of 
inoperable parts. Repair kits, with instruc- 
tions, are issued with each type of mask. Re- 
pairs to canisters should not be made; if these 
become inoperable, they should be set aside 
and new ones obtained. 

The mask should be decontaminated when 
necessary. For blister agents, M5 ointment 
should be applied to the contaminated areas, 
allowed to stand for 15 minutes, and washed 
off with soap and water. If they can be 
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immediately replaced, masks contaminated 
with Nerve agents should be discarded; othe:- 
wise, they should be washed with a 10% sod 
ash solution. (Do not use lye.) 


PUTTING ON THE MASK 


Procedures for putting on the mask depend 
upon the type; however, there are a few basic 
principles for all types: 

1. When you are issued a protective mask 
be sure that it fits properly. The mask 
should be neither too large nor too small. 
With the chin fitting snugly into the chin 
pocket of the mask, the eyes are centerec 
at or a little above the center of the 
eyepieces. Once fitted, the harness 
straps should not be loosened any more 
than necessary to remove the mask; thus 
minimum readjustment will be necessary 
when the mask is put on again. 


2. Harness straps should be so drawn up 
that their tensions are equal. Tension 
should be enough to prevent leakage, but 
should not be uncomfortably tight. They 
are best adjusted using quick jerks 
rather than steady pulls. 


3. From the moment you hear the alarm 
or suspect an ABC attack, hold your 
breath until you can put on the mask. If 
contamination lands in the eye or on the 
face, it must be taken care of first, how- 
ever. 


4. Immediately after you put on the mask, 
clear it of any poisonous fumes by grasp- 
ing and closing the exhaust valve at the 
chin of the mask, and then rapidly ex- 
haling to force air out the sides of the 
face-piece. 


5. Immediately after you put it on, the mask 
must also be tested for air-tightness. 
For the ND-MK V and the M9A1 masks, 
this is done by placing the palms of the 
hand tightly overthe canisterintakes and 
inhaling deeply and slowly. 


THE ND-MK V PROTECTIVE MASK 


Since the ND-MK V protective mask (fig. 
6-1) is the model which will be in general use 
in the forces afloat, the following information 
on fitting, testing, removal and storage of the 
mask is considered important. 
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Figure 6-1.-The ND-MK V protective mask and carrier. 


Fitting 
1. Adjust the straps of the head-harness to 
their full length. 
Put on the mask and hold the cap of the 
head-harness firmly against the back of 
the head. 
Adjust the top-center strap of the head- 
harness so that the lowest portion of the 
mask lightly touches the under portion of 
the chin. 
Adjust the two temple straps of the head- 
harness so that the upper portion of the 
mask is held LIGHTLY against the face. 
Adjust the two cheek straps of the head- 
harness so that the lower portion of the 
mask is held LIGHTLY against the face. 
The mask has been designed for a light 
touch of the pneumatic tube to the face 
rather than the tight seal used on all 
previous masks. The straps should NOT 
be taken up to a point where lines are 
visible on the wearer's face when the 
mask is removed. 


2. 


e 


i Testing 


1. Tilt the head forward—exhale forcibly 
while shaking the head. Any leak will be 
noticed as air blowing out between the 
mask and the face. 

2. Exhale; placethe hands over the canister 

inlet so that no air can enter. 

Inhale until the mask collapses against 

the face. If the mask does not collapse 

when you inhale, the mask has not been 
properly fitted. 

4. Stop inhaling and hold yourbreath for 10 
seconds. During this period the mask, 


if properly adjusted, will remain col- 
lapsed with no tendency to return to its 
normal position. 

5. If the tests in steps 3 and 4 above indicate 
an improper fit, the mask should be com- 
pletely refitted or the appropriate straps 
readjusted. 


Removal 


1. Loosen the two cheek straps of the head- 
harness by placing the forefinger nail 
under the tongues of the buckles and 
pulling forward. 


2. Grasp the chin section of the mask and 
pull’ forward and upward. NOTE: The 
top-center and the two temple straps of 
the head-harness are not loosened when 
removing the mask. These straps are 
intentionally difficult to adjust and should 
remain fixed after a proper initial ad- 
justment. 


Storage 


1. Nest the cap of the head-harness into the 
interior of the mask. 


2. Grasp the top-center portion of the mask 
with the right hand, keeping the inside 
of the mask next to the body. 


3. Open the protective mask carrier with 
the left hand by pulling up onthe top flap. 


4. Insert the mask into the carrier, being 
sure that the inside of the mask is next 
to the body. 


5. Close the carrier. 

NOTE: The protective mask carrier is 
designed for use on the LEFT 
SIDE of the wearer. It may be 
carried in either of two positions 
on the left side: (1) SIDE-CARRY 
—in this case, the top, wide strap 
is adjusted over the right shoulder 
and the bottom, narrow strap is 
adjusted around the walst; (2) 
LEG-CARRY-in this case, the 
top, wide strapis adjusted around 
the waist and the bottom, narrow 
Strap is adjusted around the left 
leg. (See Figure 6-2N.) 


Figure 6-2 shows the procedure for putting 
on the ND-MK V protective mask. 


87 


ABC WARFARE DEFENSE 


A. At the command of "GAS" stop breathing. B. Remove headgear. 


C. With right hand remove mask from carrier. Hold bottom D. Slide thumbs inside facepiece under all headharness 
of carrier with left hand. straps. Grasp top of facepiece. Thrust chin forward. 


Figure 6-2.—Putting on the ND-MK V protective mask. I 
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E. Hold Head Still. Raise mask to out-thrust 
chin, Bring harness over back of head. 


EL UP M dil ME C biodiesel idis dio sssi 


> wy “AG yy Z 38 


G. Grasp tab ends of lower straps. Pull straight H. Close outlet valve with heel of hand. EX- 
back only enough to effect seal. HALE FORCIBLY to clear facepiece. 


Figure 6-2. Continued 
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l. Test for fit and leakage by placing palms over canisters. 
Inhale normally. Mask should collapse against face. 


K. At the command, "REMOVE AND REPLACE MASK,” L. Grasp both canisters. Pull mask down, out and up 


remove headgear. Loosen two lower straps. over head. Fold headharness into facepiece. 


Figure 6-2.—Continued 
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M. Open carrier flap. Place mask in carrier, canisters 
down, eyepiece away from body. Secure flap. 


THE M9AI AND M3AI-10A-6 
PROTECTIVE MASKS 


The M9A1 and M3A1-10A-6 masks, used by 

shore-based personnel, are essentially similar 
except for the canister mountings and a neck 
strap. Both masks have one canister; on the 
M9A1 it is mounted on the cheek of the face- 
piece (fig. 6-3) and can be on either the right 
orleft sides. On the M3A1-10A-6, the canister 
is attached to the facepiece by a hose attach- 
ment and is carried in the mask carrier (fig. 
6-4). The M9A1 has a neck strap which is not 
| found on the M3A1-10A-6. 
t. The procedure for fitting and testing is 
ü fundamentally the same for both masks. Even 
tension of the head harness straps is essential 
to prevent leakage, pressure at the temples, 
and general discomfort. 





; Fitting 

V 1. Hold mask firmly against your chin, 

i center the head harness pad fairly well 

ü down on the back of your head and hold 
it there with one hand. With the other 
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N. Alternate method of carry. 


Figure 6-2. Continued 





hand, tighten each of the forehead straps 
just enough to remove any slack. 
2. Tighten each of the cheek straps until 
they are evenly and moderately tightened. 
3. Remove your hand from the head pad and 
adjust the temple straps to moderate 
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Figure 6-4. The M3A1-10A-6 protective mask. 


tightness. These straps should clear 
the tops of the ears. 

4. If the straps cannot be easily adjusted, 
the tabs are incorrectly mounted and the 
mask should be turned in for repair at 
the first opportunity. 

A neck strap is used with the head harness 
of the M9A1 mask. Before putting on the mask, 
the neck strap and head harness should be 
grasped so that the mask can be put on without 
trapping the neck strap in the head harness or 
in the facepiece. Adjust the neck strap as 
follows: 

1. After the mask is on, grasp the neck 
strap and lead it around the back of the 
neck, smoothing it to avoid twisting. 

2. Fasten the fastener tab assembly at the 
end of the strap to the stud on the tab 
assembly at the cheek position of the 
facepiece. 

3. Draw up the elastic web strap by means 
of the adjustment slide so that it fits 
snugly, giving stability to the mask. 
Thisis necessary because of the swinging 
action of the canister when the wearer is 
running or exerting himself violently. 


Testing 


When the wearer of a mask inhales, con- 
taminated air may leak into the facepiece 
around the edges of the facepiece, or through 
holes in any component of the mask. Each 
mask should be tested for leakage and the de- 
fects should be corrected. Before testing a 
mask with a canister attached to the facepiece, 
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make certain that the canister is properly 
screwed into the mounting piece. 

1. With the palm of the hand over the inlet 
of the canister—or with the walls of the 
hose pinched together—inhale normally 
and hold your breath. When the face- 
piece tends to collapse, it is an indica- 
tion that there is no leakage. (If you 
inhale too strongly, you may close a hole 
that would leak when you breathe nor- 
mally.) If the facepiece does not col- 
lapse, it is an indication of afaulty mask 
or incorrect adjustment to the face. 

2. Leakage around the edges into the face- 
piece is corrected by the following pro- 
cedure: 

a. To overcome leakage at the cheek, 
lift the head harness pad higher on the 
head and tighten the forehead straps. 

b. To overcome leakage at the temple, 
tighten both the forehead and temple 
straps. 

c. When leaks occur at the forehead, 
tighten the temple straps. 

d. If leakage occurs at the throat or 
under the chin, readjust the mask on 
the face by grasping the eyerings and 
lifting the mask slightly higher on the 
face. This overcomes the leakage re- 
sulting from the chin not being seated 
firmly in the chin pocket. Tightening 
the cheek straps may also assist in 
correcting leakage at the throat or 
under the chin. 


THE M17 PROTECTIVE MASK 


The M1" protective mask, whichis scheduled 
to replace the M9A1 mask, does not have can- 
isters; it uses filter pads instead. (See figure 
6-6.) The M17 mask was developed to provide 
a very high order of respiratory protection 
against all CW agents and to obtain better 
speech transmission, vision, compactness, 
wearability, and comfort. The M17 mask fits 
better, is easier to put on, and is less sus- 
ceptible to damage than the M9A1 mask. 


PROTECTIVE MASK ACCESSORIES 


Antidim 


The M1 antidim set is included as an ac- 
cessory with all military masks. It is used 
to reduce fogging of the lenses, thereby per- 
mitting clearer vision. 


of cotton flannel. 
with a substance which reduces the surface 
tension of water. 
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The M1 antidim set consists of a small 
cylindrical can containing a 6-by 10-inch piece 
This cloth is impregnated 


To reduce the fogging caused by water vapor 


in exhaled breath, rub the antidim cloth on the 
lenses eachtimethe mask is cleaned and after 


each wearing of the mask. Antidim may also 


be used on eyeglasses worn inside the mask. 


M4 Protective Hood 
Additional protection against poisonous 


vapors is provided by the M4 hood, which is 
worn over the mask and covers the head and 
neck. The hood DOES NOT give complete pro- 


. tection against spray or drops of liquid agents. 


wa 
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(See figure 6-5.) 





MS5Al Protective Ointment Kit 


The M5A1 Protective Ointment Kit consists 
of three tubes of M5 blister agent protec- 
tive ointment, three pieces of absorbent 
blotting cloth, and one atropine tartrate 
syrette all of which are contained in water- 
proof metal container. Directions for use of 
the set are printed on the side of the con- 
tainer. 

The M5A1 kit is issued tothe individual for 
emergency self-aid, to minimize injury from 
certain CW agents. The kit is usually carried 
inthe protective mask carrier. The M5 blister 
agent protective ointmentis used primarily for 
decontaminating the skin, but it canbe used for 
the decontamination of individual equipment 


93 





Figure 6-6.—The M17 protective mask. 


such as the mask. The atropine syrette is used 
for selfaid against nerve agents. 


PROTECTIVE CLOTHING 


There are four types of clothing that are 
useful in ABC warfare: permeable protective 
clothing, impermeable protective clothing, 
foulweather clothing and ordinary clothing. 

PERMEABLE PROTECTIVE CLOTHING is 
special clothing that has been treated with 
chemicals that neutralize blister agent vapors 
and fine sprays. If this clothing is contaminated 
by large drops or splashes of blister agents, 
cut out and discard the contaminated portions 
immediately and change to clean clothing as 
soon as possible. 

Permeable protective clothing is primarily 
effective against the mustard agents; it provides 
little protection against the G nerve agents. It 
also gives LIMITED protection against other 
types of ABC warfare contaminants. 
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IMPERMEABLE PROTECTIVE CLOTHING 
is made of rubberized cloth and consequently 
does not permit air to pass through it. It pro- 
vides the most complete protection currently 
available against BW and CW agents. Although 
itisresistanttoliquid CW agents, impermeable 
protective clothing may be penetrated after a 
few hours of exposure. Therefore, liquid 
agents on the clothing should be neutralized or 
removed as quickly as possible. 

Impermeable protective clothing consists 
of the following: 

a one-piece suit 

a protective hood 


boot covers 
a two-piece cooling 


gloves suit 
heavy rubber knee acooling hood cover 
boots 


WET WEATHER CLOTHING of stock issue 
serves to protect ordinary clothing and the 
skin from penetration by liquid agents and 
radioactive particles. It also reduces the 
amount of vapor that penetrates to the skin. 
Foul weather gear, which includes a parka, 
trousers, rubber boots, and gloves, is easily 
decontaminated. 

ORDINARY WORK CLOTHING, including 
long underwear, field socks, coverall, field 
boots, and watch cap, is partially effective in 
preventing droplets of liquid agents and vapors 
from reaching the skin. However, it is not as 
effective as the other three types of clothing 
described previously. 

Protective clothing is not required for all 
personnel. Ordinarily it is worn only by the 
personnel of monitoring and decontamination 
teams who operate in or near hazardous areas 
(fig. 6-7). All other personnel working in or 
near these areas should wear two layers of 
ordinary clothing, which will give some pro- 
tection against heat, and partial protection 
against liquidagents andradioactive particles. 


CLOTHING LIMITATIONS 


— — ..——..A— 


. AND PRECAUTIONS 


All four types of clothing have limitations 
or disadvantages which will have a bearing on 
their use. Permeable protective clothing, for 
example, should not be wornlongerthan neces- 
sary, especially in hot weather, because pro- 
longed wearing may cause a rash to develop 
where the skin is in contact with impregnite, 
the chemical usedtoimpregnate the cloth. The 
odor of the impregnite and the somewhat greater 
weight of the material are also factors in pro- 
ducing discomfort. In addition, if the clothing 
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is worn in the rain, it loses some of its effec- 
tiveness in protecting against blister agents. 

Impermeable protective clothing prevents 
air from passing throughthe garments. It pre- 
vents proper body respiration; that is, the per- 
spiration cannot evaporate properly and thus 
the body is not cooled. Therefore, this clothing 
wil quickly become uncomfortable in hot 
weather. Following is a comparison of tem- 
peratures versus wearing time: 


Temperature Wearing time 
(Fahrenheit) (hours) 


above 90 1/4 
85-90 1/2 
70-80 1-1/2 
60-70 2 
50-60 3 
30-50 5 


Another important limitation of any rub- 
berized fabric unless the rubber is neoprene, 
is that it is somewhat flammable. 

Wet weather clothing has some of the same 
limitations as impermeable clothing. The 
rubberized cloth is flammable, and it soon 
becomes uncomfortable in hot weather. How- 
ever, these facts should not limit the use of 
wet weather clothing when the added protection 
is desirable. 

The principal limitation of ordinary clothing 
is that it provides considerably less protection 
against liquid agents and vapors than do the 
other three types. It lacks special provisions 
for wrist and neck closure; this may be par- 
tially offset by wearing two layers of ordinary 
clothing and improvising some type of sleeve 
and neck closures. 

With all types of clothing you will have to 
observe certain precautions and conditions. 
Trouser legs should be tucked inside boot tops, 
or, if you are wearing field shoes, inside the 
socks, and any excess arranged to blouse over 
the tops of the socks or boots. All buttons and 
and other closures should be fastened securely. 
All flaps should be interleaved securely. Neck 
closures and cuffs should be securely fastened 
and gloves drawn over the sleeve cuffs. 
Particular care should be taken in removing 
the clothing after use so as toprevent the con- 
tamination from coming in contact with the skin. 

To prolong the life of the impregnite in 
permeable protective clothing, you should take 
the following precautions: 

1. Thegarments should be stowed in a cool, 

dry, well-ventilated place that is pro- 
tected from direct sunlight. 


= 
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Figure 6-7.—Special clothing for personnel required to enter contaminated spaces. 


2. The garments should not come in contact 
with organic solvents such as alcohol, 
gasoline, dry-cleaning solvents, tetra- 
chlorethane, or similar compounds. Even 
the vapors from these substances are 
detrimental. 

Damp clothing should be dried in a cool, 
shady spot as soon as possible. 
Mothproofing agents should not be used 
on impregnated clothing. 

5. Deteriorated garments should not be 
placed in contact with serviceable gar- 
ments. Garments that have lost their 
impregnate content cause and accelerate 
deterioration in serviceable clothing. 

Both before and after use, IMPERMEABLE 

protective clothing may be stored uncovered 
for long periods without apparent deterioration. 
Normal storage procedures are alsoapplicable 
to foul weather gear and ordinary clothing. 


CLOTHING INSPECTION AND TESTING 


A visual inspection of each garment should 
be made to discover defects suchas rips, tears, 
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and worn places that might permit passage of 
CW agents. Meanwhile, impregnated clothing 
should be tested for strength. This can be done 
by taking a single layer of cloth in both hands 
andgiving it a quick jerk;if the clothgives way 
it has rotted and must be discarded. Another 
method is totry to force thethumb or the blunt 
end of a pencil through the cloth; if this can be 
done easily the clothing must be discarded. 


DRESSING AND UNDRESSING 
PROCEDURES 


To make sure that you are adequately cov- 
ered by your protective clothing, you must 
follow a definite sequence in putting on both 
the permeable and impermeable clothing. Fol- 
lowing is the procedure for dressing in both 
types. 


Putting on Permeable Clothing (Figure 6-8) 


1. Remove all clothing except underwear. 

2. Putonfirst pair of socks; pull up onlegs. 

3. Put on second pair of socks; roll down in 
tight roll to ankles. 
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B. Put on first pair of socks; pull up on legs. Put on | 
second poir; roll down in tight roll to onkles. | 





D. Pull each trouser leg down to ankle over the inner 

C. Put on overalls; secure shoulder straps to fit and pairof socks. Make two separate folds pointing backward. 
fasten lines at hips to give a snug fit. If trouser legs have ties they should be secured. Trouser 

legs are to be tight around the ankles and calves of legs. 


Figure 6-8.—Putting on permeable clothing. 
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E. Roll second pair of socks up over trouser legs. If 
trouser legs are too long, do not turn bottoms as this ex- 
cess length is: taken up by letting trousers blouse over 


top of second pair of socks. 


F. Put on rubber boots, rubber overshoes, shoes treated 
with impregnite or other protective foot gear. 
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G. Put on jumper, leaving hood thrown back. 


"€ 





H. Secure bottom of jumper just below hip bone. 


Figure 6-8.—Continued 
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l. Assume ready condition by putting on mask carrier con- J. Apply protective ointment, M-5; cover temples ond foe 
taining ND MK V mask an M-5 Protective Ointment kit. head from hairline down to approximately 3/4 inch under 
Tuck gloves in carrier waist strap. edge of mask. 








K. Apply protective ointment, M-5; cover ears and neck 
from hairline to undershirt and up under chin. L. Put on mask. 


Figure 6-8.—Continued 
98 


Chapter 6—PROTECTIVE EQUIPMENT AND ITS USE 


2 E. ; Nu. 
9 EP. cae 


Ld 





E: 
ML. Pull hood over head; cinch up snugly around mask and N. Twist the slack material of the hood into a topknot. 
" | (This step not generally necessary for M9À1 and M3AT- 


secure drawstring. 
10A-6 masks.) ` 
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0. Secure topknot with tape or line. This will prevent 
00d from slipping down over lens of mask. Take up any P. Roll gloves down to base of thumb prior to putting 
on the hand. 


slack around neck with drawstring. 


Figure 6-8.—Continued 
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Q. Put on gloves. Fold jumper sleeve around wrist and 
forearm and roll glove up over jumper sleeve. Do not 
turn up sleeves. Ány excess length is taken up by per- 
mitting sleeve to blouse out over glove top. 


R. If rubber gloves ate to be wom, they ore put on over 
the woolen gloves. 


Figure 6-8.—Continued 


. Puton overalls; secure shoulder straps 


to bib and fasten lines at hips to give a 
snug fit. 

. Pulleachtrouser leg downto ankle over 
inner pair of socks and make two sep- 
arate folds pointing backward. If the 
trouser legs have ties they should be 
secured. Trouser legs are to be tight 
around the ankles and calves of legs. 
. Rollsecond pair of socks up over folded 
trouser legs. If trouser legs are too 
long, do not turnbottoms asthis excess 
length istaken upby permittingtrouser 
legstoblouse over thetop of the second 
pair of socks. 

. Put on rubber boots, rubber overshoes, 
shoes treated with impregnite, or other 
protective footgear. 

. Put on jumper leaving hood thrown 
back. 

. Securebottom of jumper just below top 
of hip bones. After completion of this 
stepthe clothingis inthe "ready condi- 
tion." It may be worn in the "ready 


~~, 
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10. 


11. 


13. 


condition" during preparatory and 
stand-by periods. Put on the mas 
carrier. 


Apply Protective Ointment, M5; cover 
ears and neck from hairline to under- 
shirt andup under chin with a thin even 
coat; cover the temples and forehead 
from the hairline downto approximately 
3/4-inch under the edge of the mask. 
NOTE: Protective ointment should be 
used ONLY if actual mustard contam- 
ination is anticipated. Do not use your 
personal supply of ointment for any 
drill. 


Put on mask. 

Pull hood over the head. 

Button the jumper, starting with the 
bottom button and button upward. All 
flaps must be smoothly and properly 
interleaved and buttoned. Care should 
be taken that the outlet valve of the 
mask remains outside of the hood as it 
is adjusted. 


14. 


15. 
16. 


17. 
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Take up any slack around the neck with 
the straps or ties at each side of the 
neck and any slack around the face- 
piece with the drawstring at the top of 
the face opening. Hoods must be 
fastened tightly around the facepiece 
of the mask so that no vapor can come 
into contact with neck or head. With 
the newer buttonless jumper a snug fit 
around the face and neck is obtained by 
the use of the drawstring and take-up 
ties. 

Roll gloves down tobase of glove thumb 
prior to putting on the hand. 

Put on gloves. Fold jumper sleeve 
around wrist and forearm and roll glove 
up over folded jumper sleeve. If sleeves 
have ties they should be secured. Do 
not turn up sleeves. Any excess length 
is taken up by permitting sleeve to 
blouse out over glove tops. 

If rubber gloves are to be worn, they 
are put on over the woolen gloves. 


| Taking Off Permeable Clothing (Figure 6-9) 


1. 
2. 


Remove rubber gloves (if worn). 
Remove footgear. A well-defined area 
should be provided for the removal of 
footgear. If possible, a bench or stools 
will be provided. All hands should 
approach the bench or stools from the 
same side, remove their footgear, and 
then pivot and place their feet in the 
uncontaminated area on the other side. 
If benches and stools are not available, 
an area can be marked off on the deck 
to designate the place for the removal 
of footgear so that afterwards men can 
step into an uncontaminated area. 
Loosen hood drawstring. With newer 
buttonless jumper this operation is all 
that is necessary to prepare the hood 
for removal from the head. 

Unbutton jumper. Unbutton outer 
jumper flap and then inner flap starting 
with the top button. Turn these flaps 
outward, being careful to avoid contact 
of gloves with inside of jumper or with 
the body. 

Loosen and remove hood. Grasp hood 
on both sides just below the ears and 
loosen by pulling up and back; then re- 
move itfrom the headby grasping it just 
above the forehead and pulling it back 
over the head. 
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6. 


10. 


11. 
12. 


Untie jumper drawstring and turn bot- 
tom of jumper out andup about 8 inches 
around the waist. 

Remove woolen gloves. With left hand 
grasp fingertips of right glove and pull 
it off right hand until top of glove is at 
the wrist; with the right hand grasp 
fingertips of left glove and pull it off 
left hand until the top of glove is at the 
wrist. Place palms of the hands to- 
gether and, holding left glove with right 
hand, remove left hand from glove; 
with left hand grasp inside of both 
gloves and remove right hand from 
glove. 

Coat the hands and wrists thoroughly 
with protective ointment, M5. 

Remove jumper. 

Remove overalls, allowing trouser legs 
to pull down outer pair of socks. 
Remove outer pair of socks. 

Remove remaining pair of socks, mask, 
and underwear just before entering 
uncontaminated spaces. 


Putting on Impermeable Clothing 


With impermeable clothing (fig. 6-10) you 
should fit and mount the protective hood on the 
protective mask before you start to put on the 
outfit. You will need assistance in putting on 
and adjusting the following items of the outfit: 
impregnated cotton gloves, protective mask 
with protective hood attached, cooling suit and 
hood cooling cover. In general, the procedure 
for putting on the impermeable clothing is as 
follows: 


1. 
2. 


Put on undershirt; sleeves should ex- 
tend beyond the wrists. 

Put on long drawers, tuck lower part 
of the undershirt well down inside the 
drawers, and button the fly of the 
drawers completely. The legs of the 
drawers should extend well below the 
ankles. 


. Puton socks and pull up the tops of the 


Socks tightly over the bottoms of the 
legs of the drawers so that there is a 
minimum of lumpiness. 


. Put on coveralls and leave allclosures 


open. 


. Sit down, draw up trouser legs, and put 


on boots. Pull bottoms of trouser legs 
down over boots. Fasten trouser cuffs 
with elastic bands and snap fasteners 
for a tight closure. 
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B. Remove footgear. Avoid touching outside of boots os 
much as possible. 
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D. Loosen hood by grasping it on both sides just below 


C. Remove topknot and loosen hood drawstrings. the ears and pulling up ond back. D 


Figure 6-9. —Taking off permeable clothing. 
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E. Remove hood by grasping it just above the forehead F. Untie jumper drawstring and turn bottom of jumper out 
and pulling it back over head. and up about 8 inches around the waist. This provides a 
clean area for handling the jumper during removal. 


i "q 
^" 





" Remove woolen gloves. With left hand grasp finger- 
" of right glove and pull until top of glove is at wrist. 
; ith right hand grasp fingertips of left glove and pull until 
of glove is at wrist. H. Shake gloves off into contaminated clothing container. 





Figure 6-9.—Continued 
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P: 


TRY 





me — 
I. Coat hands and wrists thoroughly with M-5 J. Remove jumper. Pull jumper uP handling only th 
protective ointment. clean turned up area. Grasp inside of hood and pull jumpe 


off over head. If jumper will not pass over mask, hol 
| - breath, remove mask, remove jumper, replace mask and cor 
| tinue procedure. If area is proven clear of respirator 
hazard, mask can be discarded in this step. 





D Z, — 
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I L. Allow trousers to pull down outer pair of socks; re 
K. Loosen oll trouser ties and remove trousers. move socks touching only inside of trouser legs. Remov 


inner socks, mask and underweor just before enterin 
uncontaminated space. 


Figure 6-9.—Continued. 
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Figure 6-10. —Impermeable clothing with M9AT1 
protective mask. 


Put boot covers on over boots and 
fasten them by tying the cotton tie 
tapes. 

Draw back outer cuffs of the coveralls 
to expose inner cuffs. 


Put on impregnated gloves with gaunt- 
lets under inner cuffs. Fasten inner 
cuffs with adjustable tabs for comfort- 
able, tight closure over gauntlets. 

Put on rubber gloves, pulling them up 
to cover the inner cuffs. 

Button outer cuffs over the gloves. 
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11. Rollthe rear portion of the protective 
hood upwardto expose the head harness 
of the mask. Put the mask on and ad- 
just it as described in this chapter. 

12. Unrollthe rear portionofthe protective 
hood so that it covers the back of the 
head and falls into position. | 

13. Tuck inner shawl of the hood under 
collar of the coveralls and button the 
collar. Drop the outer shawl of the 
hood over the shoulders and secure it 
by passing shawlstraps underthe arms 
and fastening them with snap fasteners. 

14. Close up and adjust coveralls by clos- 
ing the zipper, fastening buttons, and 
securing all closures. Adjust and 
tighten belt. 

The cooling suit is designed to use the 
cooling effect resulting from the evaporation 
of water. It is periodically drenched with 
water, and evaporation of the water cools the 
impermeable suit underneath. Use of the 
cooling suit permits the individual to wear an 
impermeable outfit comfortably for much 
longer periods in warm weather than he would 
otherwise be able to wear it. 

If the cooling suit and hood cooling cover 
are used, the following additional steps in 
dressing apply: 

15. Put on trousers of cooling suit over 
coveralls and adjust suspenders and 
trouser cuffs for proper fit. 

16. Put on cooling jacket andfasten it. The 
right front section of the jacket is de- 
signed tolap over the left front section. 
A tie tape is attached tothe endof each 
section and a small slit is provided in 
the right side seam ofthe jacket. When 
the tape on the overlapped section of 
the jacketis passed throughthe slit, the 

two tapes may be tied together at your 
back tofastenthe jacket as snugly or as 
loosely as desired. Tie the straps in a 
bow knot. 

17. Put cooling cover over protective hood 
by tying the tapes to loops on the hood. 
Drop shawl of cooling cover over 
shoulders of cooling jacket. 


Taking Off Impermeable Clothing 


You willneed help intaking off impermeable 
clothing. 
1. Remove the cooling suit and the hood 
cooling cover and place them in des- 
ignated containers. 


2. 


10. 
11. 


12. 
13. 


14. 


and pull off rubber boots. 
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the head and body against spray and to reduce ` 
general contamination of clothing. The cover | 


Untie and remove protective boot 
covers. Placeboot coversin designated 
containers. 

Decontaminate the remaining items of 
impermeable clothing with prescribed 
decontaminating solution. Rinse off 
the decontaminant with water. 

Still wearing rubber gloves, unfasten 
trouser cuffs and belt of the coveralls. 
Unbutton outer flap and outer sleeve 
cuffs of the coveralls. 

Carefully remove rubber gloves, taking 
care to avoid contamination of im- 
pregnated cotton gloves. Place rubber 
gloves in designated container. 

Still wearing cotton gloves, unfasten 
zipper opening of coveralls and loosen 
drawstring at top of gusset. Unfasten 
tabs of inner sleeve cuffs. Atthis point, 
the helper will loosen the hood shawl 
straps under the armpits, loosen the 
tie cords around the canister of the 
mask, and then carefully pull the rear 
of the hood up to expose the tie cords 
around the eyepieces and will lift the 
hood from your head. 

Slide the coveralls to the ground and 
step out of them, keeping the outer 
surface away from underwear and cotton 
gloves. 

Sit down on an uncontaminated object 
Place hood, 
coveralls, and boots in designated con- 
tainers. 

Move to an uncontaminated area and 
remove gloves, underwear, and socks 
in the order named and place them in 
designated containers. 

Still wearing the mask, take a shower 
using no soap. 

Step away from the shower, remove 
mask, and place mask in designated 
container. 

Returnto shower and bathe entire body 
thoroughly using plenty of soap. 

Leave shower and proceed to the drying 
area. Dry body; be monitored for radio- 
activity and receive first aid, if needed. 
Put on clean clothing and leave the 
drying area. 


OTHER PROTECTIVE ACCESSORIES 


Individual Protective Cover 


The individual protective cover, pro- 
vided at shore activities, is designed to protect 
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will provide protection against liquid blister 


agents for a period of some hours, but it wil 


not protect against blister agent vapors. 


This | 


device is generally carried in the protective 


mask carrier and consists of an envelope of 
impermeable material with a transparent head 
section. The wrapper for the cover has a 
teartape device for positive and quick opening. 
The cover is so folded that with a single move- 
ment of the hands it may be opened and thrown 
over the head. 


Shoe Impregnite 


Shoe impregnite is used to make shoes 
resistant toblister agents. Theleather dress- 


ing not only softens, preserves, and water- | 
proofs the leather, but also makes it resistant 


tothe penetration of chemical and biological 
agents. You should note, however, that the 
ABC agent is not destroyed and therefore the 
outer surfaces of shoes may be highly con- 
taminated following an exposure. 


Clothing Impregnating Sets 


The chemical substances that make up 


impregnite serveto neutralize vapor and small 


drops of blister agents. A chlorinated paraffin 


binder is used to fix the impregnite in the 
fabric; but garments lose their protective 
qualities in time, and re-impregnation then is 
necessary. In emergency situations it may be 
desirable to impregnate ordinary clothing. The 
M1 field impregnating set and the M3 clothing 
impregnation chemical set are provided for 
emergency impregnation of issue clothing, and 
for re-impregnation of permeable protective 
clothing. Either of these sets will impregnate 
or re-impregnate about 20 sets of permeable 
protective clothing. 

The M3 clothing impregnation chemical set 
is packedin a wooden box, and eachunit weighs 
about 53 pounds. The principal components 
are: 

1. a fiber drum containing 16.5 lbs of 


impregnite I 

2. a metal case containing 4.33 lbs of 
binder 

3. a metal can containing 1.65 lbs of wet- 
ting compound 


4. a metal can containing 1 lb of dye mix 
Accessories that must be provided include 
a mixing container with a capacity of at least 
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::24 gallons, a paddle to be used for stirring, a 
>» container of known capacity, such as a 5-gallon 
bucket, for measuring water, and a rope or 
- sashcord to be used as a clothesline. Directions 
rfor making the mix andimpregnating the cloth- 
zing come with the set. 


. A minimum of three men is required to 
"operate each set. The vigorous stirring re- 
i: quired makes it necessary for them to relieve 
.each other at shortintervals. Before attempt- 
"ing to use a set, each individual should read 


“the instructions. 


The site selected for field impregnation 
may be eitherindoorsoroutdoors. There must 
be adequate facility for hanging or spreading 

;the clothing to dry. Clothing should not be 
. exposed to direct sunlight while dryingbecause 
4this will cause decomposition ofthe impregnite 
.and will also result in discoloration of the 
z fabric. 


SHIP CLOSURES 


T Vb ud 


— 


On board ship, the primary defensive meas- 
ure against the spread of contamination is the 
closure of the outside envelope andthe securing 

, of all ventilation. The closures made in ac- 
, cordance with the material condition in effect 
. provide some protection against contamination 
by ABC warfare agents. The material condi- 
, tions of readiness and the applicable closures 


J 


are given in Tables 6-1 and 6-2. The ship will 
normally be in condition YOKE or BAKER, 
and will go to general quarters and set condi- 
tion ZEBRA or ABLE when indications of a 
probable air attack have been received. During 
action, there are many openings in the outside 
envelope which normally remain open and 
some vent blowers that are kept in operation. 
In order to prevent contamination from ABC 
warfare weapons, it would be necessary to 
secure all ventilation and rig covers for all 
openings. If this is not practical, some con- 
tamination of the ship may have tobe accepted. 
After leaving the area of contamination, the 
ship should be completely ventilated. 


When material condition ZEBRA (ABLE), 
which means attackis imminent, is set, fittings 
marked X, Y and Z are closed. All ventilation 
will be secured in accordance with the Air 
Conditioning Bill in the Damage and Casualty 
Control Book. 


In addition to the conventional material 
readiness conditions (XRAY, YOKE, ZEBRA), 
two special conditions can be set: Condition 
WILLIAM and Condition CIRCLE WILLIAM. 
Condition WILLIAM requires the closure of 
sea suction valves to the condenser systems 
and other salt water systems. Condition 
CIRCLE WILLIAM calls for closure of the 
ventilation systems and certain access open- 
ings; it does not require the securing of the 
combustion-air supply to the boilers. 


Table 6-1.—Material conditions of readiness. 





Title of Condition 






T wo condition 
ships (CVL, DD, 
C VE and smaller) 


Three condition 
ships(BB,CVA, 
CA, CB, CL) 


Circumstances 















Close all fittings marked: 





X... n In well-protected X. 
harbors. (Except when actually in use, as for 
issuance of stores oríor cleaning 
or repairs.) 
Y g DE on ae In unprotected ports| X and Y. 
and for wartime 
cruising. 
Y (Modified). . | B (Modified) ... |In protected ports; X and Y. 





and for wartime 
cruising. 






(Certain specially designated Y fit- 
tings opened for convenience and 
health of crew.) 


Battle or near battle.| X, Y, and Z. 
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Table 6-1.—Continued. 








Title of Condition 


Three condition Two condition Circumstances Close all fittings marked: 
ships(BB, CVA,| ships (CVL, DD, 
CA, CB, CL) |CVE and smaller) 


Z (Modified). . | A (Modified) ... | Battle or near battle.| X, Y, and Z. 

(During prolonged periods of readi- 
ness for action, condition Z may 
be modified to permit distribution 
of food, use of sanitary facilities, 
ventilation of various parts, and 
similar necessary functions. 


Table 6-2.—Special classification for fittings. 





Markings Purpose 


W.......- «^. . |Fittings marked W are sea suction valves for the condensers, home fire- 
main pumps, and cooling water systems. Normally open, these valves 
are closed only when sea wateris contaminated by an atomic, biological, 
or chemical attack. 


Circle W........|Ventilation fittings and certain access openings are marked &@ (circles 
are black). Normally open, these are closed only to prevent ABC con- 
tamination or smoke from entering a vent system. 


Red Circle Z.....]|Special fittings marked (circles are red) are those which may be opened 
during long periods of several general quartersto allow for preparation 
and distribution of food or for cooling vital spaces such as magazines. 


When open, these fittings are guarded so that they can be immediately 
closed if necessary. 


Black Circle X. . . . | Special fittings, marked GO (circlesare black) arethose which give access 
to battle stations, for ammunition transfer, or to the operation of vital 


systems. These can be opened without special authority, but are closed 
when not in use. 


Z Black Dog .....|Fittings used for setting darkened ship condition have D marking. 


NOTE: When referringto damage control closure classifications the letters X, Y, Z, DZ, W, 


A, and B, because of long usage, are spoken as XRAY, YOKE, ZEBRA, DOG ZEBRA, WILLIAM, 
ABLE, and BAKER, 


108 


10. 


Chapter 6—PROTECTIVE EQUIPMENT AND ITS USE 
QUIZ 


The protective mask issued to Navy per- 
sonnel afloat is the: 

a. M3A1-10A-6 

b. M9AI1 

c. ND-MK V 

d. M5A2 


The protective mask that has a diaphragm 
assembly to allow clearer speech is the: 
a. ND-MK V 
b. M9A1 
c. M5A2 
d. M3A1-10A-6 


The unit of the protective mask containing 
a mechanical and chemical filter system 
is called the: 

a. face-piece 

b. canister 

C. face -blank 

d. diaphragm 


The chemical filter in a protective mask 
is a high grade of activated ° 


You can prevent fogging of the eyepieces 
or lens of a protective mask by using: 

a, atropine 

b. M-5 

c. water 

d. antidim 


The important factor(s) in maintaining the 
protective mask (is)(are): 

a, it must be kept dry 

b. it must be handled carefully 

c. it must be kept clean 

d. all of the above 


Protective masks should be stored in: 
a. bright sunlight 
b. a cool, dry, dark place 
c. a cool, dry, light place 
d. a warm, dry, dark place 


Protective masks contaminated with nerve 
agents should either be discarded or 
washed with: 

a. 109$ soda ash solution 

b. water 

c. lye 

d. 259$ soda ash solution 


The protective mask is fitted to the face 
by adjusting the: 

a. face-piece 

b. diaphragm 

c. head-harness 

d. canister 


Immediately after you put on a protective 
mask, it should be and tested 
for 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 
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If the mask does not collapse against the 
face when you inhale with the hands over 
the canister inlet, the mask has not been: 

a. cleared 

b. properly fitted 

c. properly stowed 

d. checked 


The protective mask, used by 
shore-based personnel, has the canister 
mounted on the cheek of the facepiece. 


The M3A1-10A-6 mask has the canister 
attached to the facepiece by a: 

a. hose attachment 

b. ring clamp 

c. rubber gasket 

d. none of the above 


Even tension of the head harness straps 
is essential to prevent: 

a. leakage 

b. pressure at the temples 

c. general discomfort 

d. all of the above 


To overcome leakage at the temple ofa 
protective mask, tighten: 

a. the cheek straps 

b. the forehead straps 

c. both forehead and temple straps 

d. the temple straps 


Additional protection against poisonous 
vapors is provided by the M4 


The M5AL protective ointment kit contains: 
a. M5 protective ointment 
b. absorbent blotting cloth 
c. one atropine injection 
d. all of the above 


The clothing that will protect against 
blister agent vapors and fine sprays isthe: 
a. impermeable protective clothing 
b. permeable protective clothing 

c. foul weather clothing 
d. ordinary clothing 


Permeable protective clothing is primarily 
effective against the: 

a. mustards 

b. G agents 

c. cyanogen chloride 

d. blood agents 


Impermeable clothing is made of: 
a. alligator cloth 
b. impregnated material 
c. rubberized cloth 
d. oilskin 


21. 


22. 


23. 


24. 


25. 


26. 


27. 
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Among the disadvantages of permeable 
protective clothing is (are): 
a. impregnite may cause a skin rash 
b. odor of the impregnite 
c. greater weight of the material 
d. all of the above 


Impermeable protective clothing: 
a. permits air to pass through 
b. prevents proper body respiration 
c. is not flammable 
d. none of the above 


Permeable protective clothing (may)(may 
not) be cleaned with such organic solvents 
as alcohol, gasoline, or tetrachlorenthane. 


In putting on permeable protective cloth- 
ing, the M5 protective ointment should be 
applied to the ears, neck, temples and 
forehead (before)(after) putting on the 
mask. 


A cooling suit is used with the: 
a. foul weather clothing 
b. permeable protective clothing 
c. impermeable protective clothing 
d. ordinary clothing. 


The leather dressing used to make shoes 
resistant to the penetration of chemical 
and biological agents is: 

a. impregnite 

b. saddle soap 

c. shoe polish 

d. none of the above 


In impregnating clothing, make certain 
that it is not exposed to 
while drying. 
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28. 


29. 


30. 


31. 
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When there are indications of a probable 
attack, a ship will go to general quarters 
and set material condition: 

a. Yoke 

b. Zebra 

c. Baker 

d. Xray 


In an ABC warfare attack, a ship may set 
the additional material condition: 

a. Zebra 

b. Xray 

c. Yoke 

d. Circle William 
When material condition Zebra(Able) is 
set, close the fittings marked: 

a. X 

b. Y 

c. Z 

d. all of the above 


The material condition that requires the 
closure of sea suction valves to the con- 
denser systems and other salt water sys- 
tems is condition: 

a. Circle William 

b. Xray 

c. William 

d. Yoke 


Condition circle William does not require 
the securing of: 

a. ventilation systems 

b. the combustion-air supply to the 
boilers 
access openings 
none of the above 


C. 
d. 


CHAPTER 7 
DECONTAMINATION 


In previous chapters, you have learned 
some of the principles behind ABC warfare, 
the effects to be expected from ABC attacks, 
the methods and equipment used to detect ABC 
agents, and the measures you can take to pro- 
tect yourself against these agents. Finally, 
there will bethe "cleaning up" after the attack. 

Cleaning up after an ordinary high explo- 
sives attack involves chiefly clearing away the 
wreckage so you can occupy or pass through 
an area or compartment and making any re- 
pairs on structures and equipments required 
to make them usable. But in ABC warfare de- 
fense you will probably have one more job to 
do before you can work on the equipment with 
safety; that is, DECONTAMINATE. 

Decontamination is the process of neutrali- 
zation, destruction or removal of a harmful 
agent to such a degree that the contaminated 
object or area is safe or the hazard is mini- 
mized. 

It should be emphasized firstthat decontam - 
ination operations may be both difficult and 
dangerous in certain instances, and that per- 
sonnel engaged in these operations should be 
thoroughly trained in the techniques of such 
procedures. Certain operations, such as the 
decontamination of food and water, should be 
done only by qualified experts in such work; 
however, all members of a ship's company 
. Should receive adequate training in the ele- 

mentary principles of decontamination so they 
can perform emergency decontamination and 
take proper precautions. 


AW CONTAMINATION 


Contamination is the harmful agent that 
"dirlies" an area or an object. AW contam- 
ination consists of the particles of dirt or 
drops of water that contain radioactive ma- 
terials. This radioactive "dirt" may be harm- 
ful to personnel. 

Radioactive contamination of areas, struc- 
tures, and equipment may be considerable 
after an underground or underwater nuclear 
explosion. Contamination may also result 
from a surface burst, depending on the yield 
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of the weapon, weather conditions, base surge, 
and fall-out. The destruction created by the 
blast in the immediate area around ground 
zerowill be so great that there will be no point 
in trying to salvage equipment in that area. At 
greater distances, however, many objects will 
suffer less physical damage but they may be 
sufficiently contaminated with radioactivity to 
be temporarily dangerous to operating person- 
nel. 

If equipment or structures are not badly 
damaged, so that they are still usable, it may 
be possible to recover them by reducing the 
radiation hazard to personnel. This can be 
done in two ways: (1) allowing the object to 
stand until radioactivity is naturally reduced; 
or (2) decontaminating the object. 

Since radioactivity decreases naturally in 
the course of time, the hazard to personnel 
will decrease, too, if the equipment or area is 
merely set aside and allowed to stand. How- 
ever, this may keep you from using an impor- 
tant area or piece of equipment for longer than 
the military situation will permit. So you can 
decontaminate the area or equipment. This 
decontamination removes the contaminating 
materials to such an extent that the danger to 
personnel is decreased. 

There are two types of decontamination, 
depending on how quickly the objects are 
needed; gross decontamination and detailed de- 
contamination. The purpose of GROSS DE- 
CONTAMINATION is to reduce the radiation 
intensity as quickly as possible to a point 
where personnel can use the object or remain 
within the area for a limited period of time. 
DETAILED DECONTAMINATION, on the other 
hand, is a lengthy and thorough process, usually 
carried on at a home base or rear area. Its 
purpose is to restore the area or equipment 
to its ORIGINAL usefulness. 

Generally speaking, if replacements for the 
contaminated material are immediately avail- 
able, there are advantages in-waiting for the 
radioactivity to "decay" naturally. It involves 
little effort or hazard to personnel. But if 
equipment is urgently needed, it may be nec- 
essary to attempt rough decontamination, in 
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spite of the difficulties and risks. It is possi- 
ble that even detailed decontamination may be 
required. Even though this will take time, it 
will not take as long as it does for natural 
decay. 

There are some general facts regarding 
decontamination which you should know. No 
matter how the contamination originates, it 
will not be spread evenly. Some areas and 
objects will be more highly contaminated than 
others, depending on such factors as depth of 
burst, distance from surface zero, base surge, 
fall-out, weather conditions, character of the 
land surface, and the nature of the exposed 
materials. Wind may carry the contaminated 
particles for a considerable distance before 
they reach the earth. Rain, on the other hand, 
may cause them to fall nearer to the center of 
the explosion, or farther away, depending on 
the conditions. With wet contamination, rough 
and porous objects will be more seriously con- 
taminated than those which have smooth sur- 
faces, and contamination will tend to collect in 
cracks and crevices. 

Radioactive material from the fallout will 
usually be deposited mainly on the exteriors 
of buildings, ships, and equipment. However, 
contamination will not necessarily stay on the 
outside. It may be carried inside a building 
or other structure by the wind, by water, 
through ventilation systems, or by contami- 
nated personnel. 

Careless movement of men and vehicles 
also will spread the radioactive material. 
Persons walking from a contaminated area 
into a clean area will carry contamination 
with them on their clothing, shoes, and other 
equipment. Vehicles can spread contamina- 
tion from one place to another in various ways; 
for example, by raising radioactive dust par- 
ticles which could get into uncontaminated 
buildings. 

Variable conditions not only determine 
where the radioactive particles will land and 
how concentrated they will be, they also affect 
the way in which radioactive particles will 
Stick to an object. In the simplest case, the 
particles merely rest on the surface. These 
particles are easy to remove. In other cases, 
strong forces acting between atoms or mole- 
cules result in the particles being held much 
more firmly. Removal of this type of contam- 
ination is still possible but more difficult. 

With porous or fibrous materials such as 
rope, canvas, unpainted wood, or concrete, 
contaminated fog, liquid, or dust can penetrate 


the "pores" and carry the radioactive par- 
ticles deeper into the material. In this case 
decontamination is very difficult. 

Even where radioactive particles remain 
only on the surface, they may, in time, enter 
into chemical combination with the atoms or 
molecules of the contaminated material. When 
this happens, the compounds that are formed 
are similar to the rust on iron. Like rust, 
they are so firmly attached to the surface that 
decontamination becomes a difficult problem. 

So you can see that there are many facts to 
be considered in a decontamination operation 
if you are going to use the procedure that will 
be best for a particular situation. 

Two important things to remember are: 

1. NO. DECONTAMINATION PROCESS 
WILL EITHER NEUTRALIZE OR DESTROY 
RADIOACTIVITY; the most you can do is to 
remove the source of the radiations (contami- 
nated dust particles, radioactive drops of 
water) from the structure or equipment and 
transfer it to some place where it does no 
harm. That is why care must be taken to make 
sure that the contamination isn't merely spread 
from a place that you need now to another you 
may need later and that the material removed 
by the decontamination process is properly 
disposed of. 

2. The degree to which decontamination is 
carried on, that is, the thoroughness, will de- 
pend on circumstances and on the time avail- 
able. A bridge needed for truck traffic, for 
example, would not require intensive decon- 
tamination because personnel crossing 1t would 
be exposed to radiation for only a short time. 
On the other hand, if engineers have to spend 
several hours on repairs to this bridge, the 
decontamination would have to be more thor- 
ough before it could be considered as radio- 
logically safe. 


BW CONTAMINATION 


Decontamination in Biological Warfare re- 
fers to those steps or measures taken to reduce 
or eliminate possible sources of infection fol- 
lowing a BW attack. Since the identity of the 


BW agent probably will not be known prior to 
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an attack, only those decontamination mate- 
rials and methods known to be effective against 
ALL biological warfare agents should beused. 
It is imperative that decontamination opera- 
tions begin as soon as possible following a 
known BW attack to reduce the danger of in- 
fection from contaminated particles that may 
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be blown about and to enable personnel to re- 
sume work as soon as possible. Decontamina- 
tion cannot be delayed until the agent has been 
identified because laboratory identification 
may take several days. 


CW CONTAMINATION 


. Of the common chemical warfare agents, 
only a few present a serious problem indecon- 
tamination. In general, only the long-lived 
agents such as the blister agents and the nerve 
agents will present any serious difficulty. 
Under ordinary conditions, practically all 
other types of agents soon disappear by action 
of the weather and their disappearance occurs 
quickly enough to make decontamination com- 
paratively simple. Of course, under abnormal 
conditions (suchas Arctic temperatures), per- 
sistency of these agents may be greatly in- 
creased. 

Most chemical agents which cause contam- 
ination appear as liquids either in pools or as 
scattered droplets, and the various surfaces 
upon which these collect determine the decon- 
tamination procedure to be used. Most porous 
surfaces will absorb the agents, and it must 
be assumed that most surfaces (excepting 
perhaps glass and unpainted, uncorroded met- 
als) are porous—wood, stone, mortar, and 
brick are no exceptions. Paints and lacquers 
will absorb the agents and, in some cases, 
will even dissolve in them. In general, thor- 
ough washing, hosing or scrubbing with water 
or appropriate compounds will reduce the con- 
tamination to an acceptable level. This, sup- 
plemented by aeration and weathering will 
essentially complete the decontamination proc- 
ess. Careful testing of the decontaminated 
surface, and the air downwind from it, is nec- 
essary to avoid both unnecessary hazard to 
personnel and unnecessary restriction of nor- 
mal shipboard operations. 

COMPLETE decontamination is seldom re- 
quired and, in fact, is seldom attainable with 
any reasonable degree of effort. When the 
presence, extent and degree of contamination 
are known, the contact and vapor hazards can 
be estimated or measured, and interference 
with normal ship operations reduced to amin- 
imum. 

A careless or incomplete decontamination 
operation may result in a situation which is 
little better than the originally contaminated 
state, particularly if personnel in the area are 
unaware of the condition. Lewisite, for 
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example, reacts with water to form products 
which are blistering in nature and which may 
produce serious burns. Consequently, great 
caution should be observed to avoid these 
products in the decontamination of lewisite by 
water. Further, almost all of the agents used 
in chemical decontamination result in the cor- 
rosion of metals; a special effort must be made 
to remove such agents and their products from 
equipment even though the danger to personnel 
has been eliminated. 

The first step in any decontamination pro- 
cedure is to recognize the contaminating agent 
or agents. Do not forget that it is possible for 
several chemical warfare agents to be used at 
the same time, and it is necessary to make 
certain that ALL agents have been removed. 

Some agents may be present either as 
solids or vapors, but contamination is more 
serious when they are present as liquids. The 
VISIBLE extent of contamination may range 
from widely dispersed drops to pools of liquids. 
A large area will contain the agent in all de- 
grees of contamination. The DEGREE of con- 
tamination is described by the following four 


designations: 
VERY HEAVY.—The agents appear as a 
pool of liquid. 
HEAVY.—The agent appears as a continuous 
layer. 


MODERATE.—The agent is dispersed as 
CLOSELY ADJOINING spots or drops. 

LIGHT.—The agent is dispersed as WIDELY 
SEPARATED drops or spots. 

This classification has long been in use to 
describe mustard contamination. As might be 
expected, a 'light" mustard contamination is 
a definite hazard to personnel but not an ex- 
tremely serious one. In the case of those more 
recently developed nerve agents, however, the 
"light" contamination is an extremely serious 
hazard and, if not promptly removed, a very 
small quantity onthe skin may be a deadly dose. 

The EXTENT (the area affected) as well as 
the degree of contamination should be deter- 
mined as soon as possible. These two factors 
will determine whether decontamination is 
practical, and if so the procedure needed for 
a given situation. Thus, it might be practical 
to decontaminate anentire ship but it might be 
impractical to decontaminate a large land area. 
Decontamination of a large land area probably 
would be limited to the clearing of roads and 
pathways permitting the remaining material 
to be removed by natural processes. However, 
it should be noted that the gases from 
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contaminated terrain are poisonous and per- 
sonnel using roads or adjacent pathways should 
wear protective masks. In general, the most 
needed areas should be decontaminated first, 
but there would be little object in decontami- 
nating such areas if weather conditions would 
bring in contamination from adjacent points. 
Usually recontamination is avoided by first 


taking care of the most heavily affected areas. 
It should be recognized, however, that all ob- 
jects, large or small, are possible sources of 
contamination and must be treated with the 
same degree of thoroughness. If it is not pos- 
sible to decontaminate all objects, personnel 
should be informed of the situation by appro- 
priate warnings. 


AW Decontamination 


As mentioned earlier in this chapter, there 
are two types of decontamination which can be 
used for the removal of radioactive contami- 
nation: gross decontamination and detailed 
decontamination. 


GROSS DECONTAMINATION 


Gross decontamination is essentially a field 
operation in which speed is the main consid- 
eration. It will be used only in cases of mili- 
tary necessity. You may have to use the 
simplest materials and equipment, even make- 
shift in character, but since you want only 
temporary use of the piece of equipment or 
area, you will need to reducethe contamination 
only to a point where it will not be a SERIOUS 
hazard to personnel. 

Gross decontamination will usually be ap- 
plied to such objects as ships, vehicles, tanks, 
aircraft, and guns. A good example of an 
urgent situation in which rapid (gross) decon- 
tamination may be required is that of a ship at 
sea which has been contaminated as the result 
of an underwater burst. The decontamination 
would be carried only far enough to permit 
personnel to remain onthe ship for accomplish- 
ment of its immediate military mission, or 
until it reaches a repair base. 

The most practical method of gross de- 
contamination is water washing. The water 
washdown system, described under the head- 
ing "Gross decontamination of ships," is an 
example of shipboard water washing. Either 
fresh water or salt water may be used. Water 
washing is a convenient method because stand- 
ard decontaminating equipment or common 
fire fighting equipment may be used, thus 
making large-scale operations practicable. 
(See figure 7-1.) However, water should not 
be used on highly porous materials which 
absorb it, since water will tend to carry the 
contamination deeper into the material. In 
hosing, apply the pressure stream to the 
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surface from upwind to protect yourself from 
the spray. Using a stream of water from a 
hose will make it unnecessary for you to get 
too close to the contaminated object or area; 
15 to 20 feet from the surface is considered 
the optimum safe operating distance. 

Owing to the greater force and volume of a 
hose stream, it will generally be more effec- 
tive than the washdown system. However, the 
latter covers a much larger area more quickly 
than even several hose crews working at once. 
Accordingly, firehosing should be on a priority 
basis, treating first those areas which must be 
manned continuously, which are close to con- 
centrations of personnel, or which the wash- 
down system does not reacheffectively. Scup- 
pers and other drainage channels should be 
hosed periodically and as the final step of a 
decontamination operation. Heavy particles 
may collect there unless they are thoroughly 
flushed away. 

An angle of 30? to 40? between the pressure 
Stream and the surface is the most satisfactory 
angle for hosing. Too large an angle causes 
back spray and too small an angle causes un- 
due spread of contamination. The stream 
should be used to force the waste water down 
the drainage system. 

The addition of soap or other detergent will 
greatly increase the efficiency of decontamina - 
tion of greasy surfaces such as you would find 
in vehicles. The soapless laundry detergents 
are fast-acting and easily handled. Soap may 
be mixed with water if other detergents are 
not available. 

The cleaning action of water with or with- 
out detergents is increased by heat. Thus, if 
hosing with cold water and detergent does not 
reduce the radiation sufficiently, hot water 
with a detergent should be used. Under the 
action of a hot water jet many grease films 
are melted, removed from the surface, and 
flushed away by the stream. Furthermore, 
most materials are more easily dissolved by 
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Figure 7-1. —Navy rescue tug decontaminating the New York by hosing down with sea water. 


hot water than by cold water. Detergents should 
be used where grease is present. 


Gross Decontamination of Land Areas 


Gross decontamination of landareas may be 
performed by bulldozers, patrol graders, or 
similar power equipment. Such equipment 
provides a certain amount of protection for 
the operators against the radiation from the 
debris. Since the use of motorized equipment 
may raise considerable quantities of radio- 
active dust, the area should be moistened with 
water fog. The interior of a building into which 
radioactive dust has entered may be roughly 
decontaminated by vacuum clecning, 
special filters. 

After a contaminating attack, it will be 
necessary to clear roadways and other access 
routes as rapidly as possible. This may be 
required for the passage of personnel and for 
the use of rescue and emergency teams. The 
quickest method for clearing a road littered 
with contaminated debris or of opening up a 
way through a contaminated land area is by 
means of a bulldozer. The bulldozer will push 
the debris into piles along the side of the road 
or create a path by moving the top few inches 
of contaminated earth to the side in a similar 
manner. The farther the contaminated mate- 
rial is pushed away from the road or cleared 
path, the less *he radiation hazard to person- 
nel using the route. 


using 
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If the route is to be used by only relatively 
fast vehicles, the degree of decontamination 
need not be as great as if it were to be used 
by personnel on foot. 

After clearing the wreckage by bulldozer, 
paved roads should be hosed down with water 
to wash loose radioactive material from the 
surface. The streams of water should be aimed 
so that they will most effectively wash away 
the contaminated particles without endanger- 
ing the operator. Always hose from a clear 
area into a contaminated area and from a high 
point to a low point. If you have towork uphill, 
provide some means, such as an earth dam 
across the road, to channel the water into the 
drainage system. 

It is very important when hosing to make 
certain that waste water drains away to a place 
where it is not a hazard. For this reason 
drainage should be prepared before a road is 
hosed down. The regular storm drains or 
sanitary system are the quickest means for 
disposing of waste water. However, make 
sure that the drainage system is not blocked. 
If you can't find a clear drain, run the water 
into pits and allow it to seep away. 

Large unsurfaced groundareas are difficult 
to decontaminate. A bulldozer can clear a path 
that will permit rapid transit across the area 
by merely pushing the contaminated earth 
aside. But if the whole space has to be oc- 
cupied or used in some way, decontamination 
becomes a serious problem. The only 
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satisfactory treatment is to scrape off the top 
few inches of earth with a bulldozer, which is 
not too difficult to do. Thereal problem is how 
to dispose of the earth you remove. In most 
cases the best thing you can do is to clear the 
most IMPORTANT areas with a bulldozer, and 
TURN UNDER the top layer of earth in adjacent 
areas by plowing. By turning under the top 
layer, which contains most of the contamination, 
the radiation intensity at the surface will be 
cut down quite a bit. At the same time, the 
hazard from contaminated dust will be de- 
creased. 

Don't forget —before performing ANY op- 
eration with earth, wet it down to reduce the 
dust hazard. 

Because of the extraordinary exposure or 
dose to which operators of all decontamination 
systems or equipment may be exposed, they 
must be protected as completely as possible. 
Protective masks must be worn continuously. 
Impermeable protective clothing, possibly with 
a cooling cover, may be advisable. Monitoring 
for radiation exposure of these operators will 
determine the frequency of change of decon- 
tamination personnel. 


Gross Decontamination of Ships 


The best protection for a ship against a 
nuclear detonation is for it to be far enough 
away to minimize the effects. The basic 
countermeasure against the initial radiation 
from a nuclear bomb is deep shielding, ob- 
tained by keeping the maximum possible num- 
ber of personnel deep below decks when nuclear 
attack appears imminent. Also, much can be 
done about any radiation contamination result- 
ing from the base surge and fallout. 

A recent development for the protection of 
ships from radioactive contamination is a 
water washdown system which wraps the ship 
in an envelope of water spray. The washdown 
system is essentially a plastic pipe sprinkler 
system with nozzles specially designed and 
arrayed to throw a large spray pattern on 
weather surfaces. Water is applied to the 
system from the ship's fire main system. 
Permanent washdown systems are being built 
in ships under construction or conversion. 
Interim washdown system kits are being pro- 
vided for ships already in service. 

The interim washdown system consists of 
a number of separate pipe lines connected to 
topside fire plugs by short sections of fire 
hose. Each pipe line is a series of plastic pipe 
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manifolds that are connected together and se- 
cured to topside structures. Each manifold is 
fitted with appropriately spaced nozzles. For 
a given ship, the pipe lines and nozzles are 
arranged to ensure an effective coverage of 
weather surfaces by the washdown spray. 

To spray the flight deck of a carrier and 
aircraft on the deck, the interim washdown 
system provides a grid arrangement of nozzles 
over the entire deck. Since air operations 
cannot take place with the interim washdown 
system installed, a portable system for flight 
decks is provided. 

Turned on at the first warning of an atomic 
attack, the washdown system serves to prevent 
heavy contamination of a ship by "coating" the 
weather surfaces with a flowing stream of 
water. (See figures 7-2, 7-3, 7-4.) The flow- 
ing water carries away the radioactive par- 
ticles as they fall on the ship and at the same 
time fills in the cracks and crevices so that 
these particles cannot settle into them. 

It is emphasized that washdown is several 
times more effective as a preventive measure 
than when used for decontamination only. Even 
if used only periodically to prewet the ship, 
then turned off to allow normal ship operations 
to continue, the washdown system is somewhat 
more effective than when contamination is de- 
posited on completely dry decks. 

The sprinkler system is intended primarily 
to minimize surface contamination, but can be 
used at any time to reduce contamination. 
However, if portions of the ship are heavily 
contaminated prior to activation of the wash- 
down, the sprinkler system may not reduce 
the radioactivity sufficiently because the water 
flowing over the surfaces will not have the 
force to wash away enough of the particles. 
These areas of heavy contamination can be 
vigorously hosed down with sea water under 
pressure. (See figure 7-5.) Work should pro- 
ceed from less to more contaminated regions, 
from higher to lower surfaces, and from bow 
tostern. Everything possible should be done 
to prevent contaminated water from flowing 
back over cleaner areas. In particular, it 
must be kept out of ship interiors, vent sys- 
tems, doors, and hatches. Fortunately, dis- 
posal of waste is not a serious problem, for it 
can be allowed to run over the side where it is 
diluted in the sea. 

Hosing down will be most effective if done 
before metal or painted surfaces have dried 
after the contamination has been deposited. 
However, contamination that has been deposited 
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Figure 7-2. -U.S.S. Worcester m 144) raises a water curtain to cleanse itself of radioactive contamination 
during atomic defense maneuvers. 


despite washdown will also resist firehosing 
alone. Vigorous scrubbing with deck brushes 
and detergent, followed by firehosing, is re- 
quired, 


Ships without automatic sprinkling systems 
Will initially decontaminate by hosing down 
with sea water as soon as the situation will 


permit. 


After the preliminary decontamination with 
water, some freedom of movement topside will 
be possible. Consideration is then given to 
the more complete decontamination by hosing 
and scrubbing of those areas and equipment 


| — for the continued operation of the 
 Bhip. 
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Remember that these decontamination 
methods which can be carried out at sea are 
not intended to be complete. Their purpose is 
chiefly to reduce the radiation intensity as 
quickly as possible and to such an extent that 
it will not be a serious hazard to the ship's 
crew for the short period required for the 
completion of an urgent mission or for return 
to port. More complete decontamination should 
be carried out at an appropriate shipyard or 
advance base. 


Gross Decontamination of Aircraft 


The treatment of aircraft, as of ships, will 
depend upon the extent of damage and upon 
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Figure 7-3. - The Worcester steaming under a protective water screen during atomic defense maneuvers. 


whether the contamination is exterior only or 
whether it is both exterior and interior. At an ` 
airfield or on an aircraft carrier, an undam- 
aged plane may become contaminated only on 
its exterior surfaces, provided the plane is 
closed and the engines are not running. In 
cases of this kind, a rapid, rough decontam- 
ination may reduce the radioactivity enough to 
permit operating the plane. 

After as much delay as the circumstances 
will permit, to take advantage of natural decay 
of the radioactivity, the contaminated aircraft 
should be washed down thoroughly with water. 
Regular fire hose, equipped with fog or spray 
nozzles, will be satisfactory. If these special 
nozzles are not available the water pressure 
MUST BE REDUCED so that the planes are not 
damaged. In some instances a sprinkling sys- 
tem can be used. The addition of soap or other 
detergent to the water would be an advantage, : 
as it would help to remove contamination at- 
tached to greasy or oily surfaces. Carrier- : 
based aircraft which have been washed or : 
hosed down with sea water should be flushed 
with fresh waterto prevent corrosion. Always 
take precautions for the disposal of contami- 
nated waste water. As far as land-based air- 
craft are concerned, this is probably as much 
Figure 7-4.-U.S.S. Shangri-La (CVA 38) tests her sprinkler as can be done at a forward base. Conse- 
*washdown" system. (Jets in foreground give off colored quently, after hosing down, the aircraft should 
water-fog to simulate atomic fallout.) be monitored to determine the extent of . 


118 


— ee o de nT e ere a ke * The. «a — — jmanan 


Pi 


¿+ 


ey 





ac. C^ fF Ar- ap fo . 


YA <= k; 


f We WQ EL 


ve Yl 


Toa ME A 





Chapter 7—DECONTAMINATION 





"0 — — 


c aa 


- — — * 





t 
E 
v ES 
-- — 
a " - z — ¢ - — 
` 
" us - an r. 9. 





"a 2442 
"m H 


- 







saf 
— S A $ 
— D m. r 


salt 
` 


— 


— 
— E. — 









- 


xc"... 


Figure 7-6.—Decontaminating jet aircraft using steam jenny. 


decontamination. If the radioactivity is still 
too high to permit operation without undue haz- 
ard to the crew, the decontamination process 
should be repeated and time should be allowed 
for natural decay to reduce the radiation haz- 
ard to an acceptable level. 

It may be possible to decontaminate a plane 
more completely by using steam-jet apparatus 
with a detergent (fig. 7-6). Monitoring will 
indicate the areas where there is still consid- 
erable contamination and these can be given 
special treatment. 

If the external contamination is too great 
to be handled with the facilities immediately 
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available or if there is internal contamination 
of the plane and engine, time will have to be 
allowed for the radioactivity to DECAY to an 
acceptable level. The engines should present 
no hazard except to maintenance personnel. 
However, it is believed that by taking suitable 
precautions, work could be safely performed 
on the engines after a few days. 

If a plane has flown through the atomic 
cloud, or if the engine has been running dur- 
ing the passing of the base surge, decontami- 
nation will be very difficult. The exterior of 
the airframe and engines should be washed 
thoroughly with water and a detergent. Even 
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though the aircraft may have been decontami - 
nated to a level which permits operating it, the 
engine may still constitute a hazard to mainte- 
nance crews. In such a case the engine should 
be tagged, so that the proper precautions will 
be taken when maintenance is required. Cer- 
tain parts, such as supercharger compressor 
sections, the carburetor, and exhaust stacks 
may be found to be too radioactive to work on. 
If so, they should be removed as rapidly as 
possible and replaced. 


Gross Decontamination of Tanks, 
Trucks, and Heavy Weapons 


The quickest way to decontaminate tanks, 
trucks, and heavy weapons is, as with other 
things, by washing them with water, preferably 
with a high-pressure hose. Again adding a 
detergent will help the decontamination of 
greasy surfaces. If available, steam combined 
with a detergent is very effective. In many 
cases, these procedures will reduce the con- 
tamination to an extent that is acceptable inan 
emergency. 


DETAILED DECONTAMINATION 


As time and facilities permit, DETAILED 
DECONTAMINATION is carried out, usually in 
rear areas or at repair bases. The main 
purpose is to reduce the contamination to such 
an extent that there would be a minimum of 
radiological hazard to personnel operating 
ships, vehicles, and equipment for long periods 
of time; in other words, restoring the equip- 
ment to its original usefulness. This infor- 
mation is presented here because, under some 
conditions, certain of these "rear area" pro- 
cedures could become field or shipboard pro- 
cedures. 


Decontamination Procedures 


There arethree basic methods that are used 
in detailed decontamination operations: 

1. Surface decontamination. 

2. Aging and sealing. 

3. Disposal. 

Each of these methods has a specific pur- 
pose, and one can be used to supplement an- 
other. Surface decontamination reduces the 
contamination without destroying the utility of 
the object. In aging and sealing, radioactivity 
is allowed to decrease by natural decay, and 
what contamination is left is then sealed on to 
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the surface. Finally, in disposal operations, 
contaminated debris and articles which are 
either badly damaged or which cannot be de- 
contaminated, such as porous materials are 
removed. 

SURFACE DECONTAMINATION. —R a di o- 
active contamination is essentially a surface 
condition. You can generally get rid of it by 
surface cleaning or surface removal methods. 
Ordinary cleaning methods leave a small 
amount of contaminating material on the sur- 
face, which may still be a health hazard. 
Consequently, the cleaning job must be very 
thorough and efficient. Since radioactivity can 
be neither neutralized nor destroyed, it may 
cause re-contamination after its removal from 
the original surface. Therefore, it will be 
necessary to control the radioactive material 
all the way from its original location to the 
point of final disposal. 

To reduce the radiation level efficiently 
and without injuring the object to any undue 
extent, the characteristics of both the surface 
and the method should be understood. 

The most practicable methods for decon- 
taminating installations and equipment are 
those using: 


vacuum cleaning 

water 

steam 

detergents 

complexing agents (carbonates, citrates) 

organic solvents (gasoline, kerosene) 

inorganic acids and mixtures (hydrochloric, 
sulfuric, acetic, citric) 

caustics (lye, calcium hydroxide) 

abrasion (scraping, grinding) 

flame cleaning 


The first three—vacuum cleaning, water, and 
steam —remove only the loosely-held contam- 
ination. Methods using detergents or complex- 
ing agents may succeed in removing the tightly 
bound contamination, and the agents will NOT 
attack the surface material to an appreciable 
extent, Methods using organic solvents, acids, 
caustics, abrasion, and flame cleaning remove 
the outer layers of the surface material along 
with the contamination. 

As ageneral rule, except for porous or very 
greasy surfaces, water washing or steam with 
detergents will be used first. This may re- 
move up to 90 percent of the contamination. 
The remainder can then be attacked with acids, 
complexing agents, organic solvents, etc., 
depending on the surface and circumstances. 
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. For porous substances, dry methods, such as 
. abrasion or flame cleaning, are most suitable. 
^. SCRUBBING has a harsher action on sur- 
| face film than hosing or steam cleaning, but 
this method is slower and much harder touse. 
t is often necessary to scrub "hot spots" 
. which remain after hosing or steaming. It is 
also a suitable method for small objects and 
| areas where hosing or steaming are not prac- 
 ticable. Detergents greatly reduce the amount 
of scrubbing necessary and their use with 
water will save considerable time. Rags, hand 
brushes, (or power-driven rotary brushes, if 
| available), and brooms are suitable for scrub- 
bing. Control of waste is easier if rags are 
used, but they are not suitable for very large 


areas. It is often advisable to use brushes 
first for their greater scrubbing action and 
use rags later for wiping up contaminated 
liquid residue left by the brushes. Brushing 
should be followed by low pressure hosing to 
flush away the waste. Rubber gloves should be 
worn during wiping and brushing procedures. 
The action of STEAM is similar tothat of hot 
water. Steam is faster acting indissolving ma- 
terials, liquifying grease, and wearing away the 
contaminated material. Anditis much more ef- 
fective if used with ajetaction apparatus. (See 
figure 7-7.) With this method, as with hosing, 
it is necessary toworkfrom the top downward. 
The rate of*steaming the surface should be de- 
termined in each case by monitoring. 





Figure 7-7.-Use of steam for decontamination (Note the waterproof clothing and protective mask.) 
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As the steam jet loosens the dirt and grease 
films, some of the steam condenses and dis- 
solves the materials, but much of the steam 
passes away into the air. Usually there is not 
enough water formed by the condensation of 
the steam to wash away the contaminant. This 
problem is overcome by hosing later with hot 
water and detergents. Detergents added to the 
water speed the cleaning action and reduce the 
amount of steam needed. A small amount of 
steam and a small amount of hot water- 
detergent solution will often work better than 
a large amount of either used alone. It may 
be necessary to alternate the application of 
Steam and water several times. 

Some contaminated surfaces may contain 
insoluble small particles which stick so closely 
together and to the surface that they cannot be 
removed by hosing or scrubbing. Such mate- 
rial can be removed if it is changed chemically 
into a soluble form. This can be done with the 
so-called COMPLEXING AGENTS. These 
chemicals combine with many other materials 
to form complex molecules. Although this 
chemical change has no effect on the radio- 
activity, the complex molecules are almost 
always soluble in water. Oxalates, carbonates, 
and citrates are the principal complexing 
agents. Only three percent complexing agent 
is required in water for adecontaminating so- 
lution. On the average one pound of sodium 
citrate in water is sufficient for decontaminat- 
ing an areaof 150 square feet. The 400-gallon 
and 3-gallon decontamination apparatus are 
both useful for spraying the solution on the 
contaminated surface (fig. 7-8). The solution 
should be sprayed on the surface to obtain a 
complete liquid film (fig. 7-9). Spraying con- 
tinually while the solution is flowing away is 
wasteful. The surface should be kept moist 
with the solution for about 30 minutes and then 
hosed with water. It is difficult to keep the 
solution on vertical surfaces and even more 
difficult on overhead surfaces. For such sur- 
faces, add chemical foam commonly used for 
fire fighting. The chemical foam and the solu- 
tion of complexing agent should be mixed in 
about equal parts and then sprayed on the sur- 
face with either of the decontaminating appa- 
ratus or with fire fighting spray equipment. 
Allow the foam to remain on the surface for 
30 minutes and then hose with water. 

Strong CAUSTICS are satisfactory for re- 
moving contaminated paint by spraying, dipping, 
or wiping. The common caustic, sodium hy- 
droxide or lye, has proven useful as a 
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Figure 7-8.—A 3-gallon sprayer (type M1). 


large-scale paint remover. One pound of lye 
in solution will remove 100 square feet of the 
average coat of paint. The lye solution con- 
Sists of 4 pounds of lye per 10 gallons of water. 
If available, about 6 pounds of boiler compound 
witheach 10 gallons of lye solution will aid the 
cleaning process. About three-fourths pound 
of corn starch per 10 gallons of solution will 
form a thickened solution which will stick to 
the surface giving the lye time- to react with 








fay ^ 
- 
"HOME 


¿Lu with 





Figure 7-9.—Decontaminating a 2 1/2 ton truck using the 3-gallon sprayer. 
$L. ` 


— 





Figure 7-10.—400-gallon decontaminating apparatus — truck mounted. 
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Figure 7-11. -Decontaminating a shore battery using the 400-gallon skid-mounted pumper. 


the paint. Corn starch is not necessary for 
dipping procedures, but is needed on walls and 
ceilings to keep the solution on the surface. 
Transporting or moving the solutionis difficult 
and dangerous and should be avoided. For 
large operations the caustic solution should be 
mixed in vats or drums placed where they are 
to be used. Cranes or substitute devices such 
as A-frames with chain lifts are used for dip- 
ping procedures. After rinsing a dipped object, 
it should be hosed or scrubbed with a water- 
detergent solution. Some scraping maybe nec- 
essary after dipping but such work can be 
minimized by lengthening the soaking time for 
the object. The soaking time will vary from 
about 15 minutes to 2 hours. Spraying or wip- 
ing the solution on the surface is necessary 
for large areas or objects too large for dipping. 
For surfaces easily accessible, such as low 
walls, wiping is safer and easier than spray- 
ing. Long-handled mops may be used to wet 
the surface with the solution, and long-handled 
scrapers will serve well for scraping away 
the softened paint. After the paint has been 
removed the surface should be hosed with 
water. The 3-gallon and the 400-gallon appa- 
ratus are used for spraying. The 3-gallon ap- 
paratus is more safely handled and is used 
wherever possible (fig. 7-9). Furthermore, 
the solution may be mixed directly in the 3- 
gallon apparatus. (NOTE: The 3-gallon ap- 
paratus should not be used for spraying any 
ecid or alkaline solution until the zinc (gal- 
vanizing) lining is stripped off by allowirig the 
solution to stand in the OPEN spray tank for 
an hour. If this is not done, the hydrogen 
formed as the solution reacts with the zinc 
may generate excessive pressure.) The 400- 


124 


gallon apparatus must be used on roofs and 
walls too high to be reached with the 3-gallon 
apparatus (figs. 7-10 and 7-11). Caustics may 
be used in the 400-gallon apparatus having a 
steel tank. No more pressure is needed than 
is necessary to wet the surface. The surface 
should be kept wet with the solution until the 
paint is soft enough to be washed away by water 
hosing. Inspection of a small sample areawill 
indicate the time required for the solution to 
remain on the surface. Extreme precautions 
should be taken against body contact with the 
solution. The complete impermeable suit must 
be worn in spraying procedures and near. dip- 
ping vats to avoid effects of splashes. For 
wiping, rubber boots and goggles should be 
worn. Any amount of the solution which comes 
in contact with the body should be washed away 
immediately. Trisodium phosphate may be 
substituted for lye; it is particularly good for 
use on ceilings where speed of reaction is 
most important. A warm or hot solution will 
always act faster than a cold one. 


ORGANIC SOLVENTS such as kerosene, 
gasoline, alcohol, ether, turpentine, and com- 
mercial paint removers are useful in remov- 
ing heavy, hard grease coatings. Acetone and 
commercial paint remover are suitable for 
grease and paint removal. Kerosene, gasoline, 
and alcohol are suitable for grease removal 
but not for paint removal. All of these organic 
solvents are fast-acting and are particularly 
adapted for dipping small objects, or for wip- 
ing "hot spots" left after large-scale decon- 
tamination. Because of their poisonous effects, 
difficulty in handling, or the fire hazard, these 
solvents are not suited for large operations. 
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Rags, a container for the solvent, and a 
container for the used rags are adequate 
equipment for wiping procedures. After using 
an organic solvent, the object should be 
scrubbed with hot water and a detergent. 

The equipment required for immersion 
consists of three vats and small cranes, serv- 
ice trucks with chain lifts, or substitute de- 
vices such as A-frames with chain lifts. For 
many objects steel drums may be used as vats. 
The first and second vats contain the organic 
solvent; the third vat contains hot water and a 
detergent. 

Strong inorganic ACIDS, particularly sul- 
furic acid and hydrochloric acid, are ex- 
tremely good solvents for rust and most fall- 
out solids, but not for grease or paint; they 
are difficult to handle. In some cases organic 
acids such as acetic and oxalic acid serve 
practically as well as the strong acids. A 
mixture of organic and inorganic acid has 
proven useful in removing rust coatings from 
metals. The mixture requires only a low con- 
centration of the inorganic acid and it is easier 
handled than a solution of inorganic acid used 
alone. The mixture is formed by dissolving an 
acetate, citrate, or oxalate in sulfuric or hy- 
drochloric acid and water. For example, a 
decontaminating solution may be prepared by 
pouring one-tenth gallon of concentrated hy- 
drochloric or sulfuric acid into 1 gallon water 
and adding one-fifth pound of sodium acetate. 
Either one-fifth pound of sodium citrate or 
one-tenth pound of sodium oxalate may be used 
instead of sodium acetate. Any of these solu- 
tions wil] usually reduce the contaminating 
materialon a dry unweathered surface by about 
90 percent. The surface should be kept wet 
with the solution for about 1 hour and then 
flushed with water. The 3-gallon apparatus is 
adequate for the initial spraying and the addi- 
tional wetting with these solutions. The same 
apparatus should be used for the water flushing 
because the apparatus also must be cleaned and 
both purposes may be served at the same time. 
However, the apparatus should be flushed with 
at least one-half gallon of water before being 
filled completely with water for flushing. In 
some cases, particularly when the surface has 
been allowed to weather, a second application 
of the acid mixtureis required. When the pro- 
cedure is repeated, the surface should be kept 
wet for 1-1/2 hours with the decontaminating 
mixture and flushed again with water. The in- 
organic acids used in this method are harmful 
on contact with the body, particularly the eyes. 
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Rubber boots, rubber gloves, and goggles 
should be worn throughout the operations. If 
body contact with the liquid does occur, the 
area of contact must be flushed with water im- 
mediately. A solution of water and baking soda 
(NOT washing soda) is best for washing acids 
from the eyes since it helps neutralize the 
acid. This solution is useful for washing any 
part of the body. For objects which can be 
dipped, a wooden dipping vat should be con- 
structed for the solution. A water dipping, a 
water hosing, and a water-detergent hosing 
should follow each acid mixture dip. 

The strong INORGANIC ACIDS such as hy- 
drochloric or sulfuric may be used alone for 
decontaminating pipe systems and, as a last 
resort, on small-scale dipping operations 
where other means have not been successful. 
If they must be used, they should be handled 
with the utmost precaution to avoid body con- 
tact with the solution. THESE ACIDS SHOULD 
BE USED ONLY BY PERSONNEL FAMILIAR 
WITH STANDARD LABORATORY METHODS 
IN HANDLING SUCH CHEMICALS. There is 
no standard field equipment adequate for the 
use of hydrochloric or sulfuric acid. The acids 
Should be placed in wooden vats for dipping 
contaminated objects. A water dipping, a water 
hosing, and a water scrubbing should follow 
each acid dip. As stated before, rubber gloves, 
rubber boots, goggles, and a rubber apron 
should be worn by personnel handiing these 
acids. A solution of baking soda (NOT washing 
soda) should be used for washing away any of 
the acid which may come in contact with any 
part of the body. If the baking soda is not 
available, plain water may be used. Although 
hazardous, these acids are the best available 
chemicals for decontaminating pipe circulatory 
systems. The procedure requires an acid- 
water solution consisting of 13 gallons of con- 
centrated hydrochloric acid per 100 gallons of 
solution. The solution should be circulated for 
2 to 4 hours, but never more than 4 hours be- 
cause of the highly corrosive action of the acid. 
This procedure will remove almost all of the 
porous deposits inside the pipe. Following the 
use of the acid, the pipe should be flushed with 
plain water, then flushed with a water detergent 
solution, and finally flushed again with plain 
water. 

ABRASION wears away the surface of an 
object. Any contaminants clinging to a surface 
are carried away with the particles of the sur- 
face removed. Because of this, removal by 
abrasion of the surface to which contaminants 
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often cling so closelyis an effective method of 
radiological decontamination. 

Vacuum blasting is the most efficient tech- 
nique of abrasive decontamination. Fine par- 
ticles of steel grit are shot by air pressure 
against the contaminated surface. À vacuum 
jacket surrounds the jet and drawsthe grit and 
the loosened particles of the surface into a 
chamber where the grit is separated and reused. 
The contamination is then trapped, under con- 
trol, and ready for disposal. Large surfaces, 
both porous and nonporous, can be decontami- 
nated by vacuum blasting. The procedure is 
rapid and simple; the head, which consists of 
the jet and surrounding jacket, is moved over 
the contaminated surface. The speed of decon- 
tamination is determined for each operation by 
checking with a survey instrument. Since 
vacuum-blasting rapidly picks up practically 
all loosened particles, it is the safest method 
of abrasive decontamination. However, some 
slight hazard from contaminated dust may be 


expected in using a vacuum-blaster, and you 
should wear a protective mask. 

Sandblasting wears away a surface satis- 
factorily, but the contaminated sand and dust 
spread, thus remaining a hazard. However, 
the contamination can be washed away by hosing 
with water or it can be picked up by use of 
vacuum cleaners. The sand should be wet 
before use to lessen the spread of contamina- 
tion. To reduce the hazard further, the con- 
taminated dust should be kept damp by water 
sprinkled on it until it is removed. Sandblast- 
ing is not feasible for porous surfaces. The 
water will carry the contamination deeper into 
the pores of porous materials. The sand 
blaster is in no way as safe to use for decon- 
tamination as a vacuum blaster. Within or 
near the area of use, all personnel must take 
precautions against contaminated dust, in- 
cluding the wearing of hood and mask. 

Miscellaneous hand methods of abrasion 
Such as planing, sanding, chipping, filing, and 


Table 7-1.—Surfaces and situations for which various decontamination agents or methods are best suited. 





Agents or methods Types of surfaces 


Vacuum cleaning. . . . | Dry surfaces . 


Water ...........|Nonporous surfaces (metal, paint, 


plastic, etc.). 


Steam ,..........| Painted or oiled, nonporous 


surfaces. 


Detergents. ....... 


Complexing agents .. 


Organic solvents.... 
plastic finishes. 


Inorganic acids. .... 


marine growth, etc. 
Acid mixtures ..... 


porous deposits. 
Cawstics 3x3 Painted surfaces 


Abrasion......... Metal and painted surfaces 


Flame cleaning. . ... Unpainted concrete and wood; cor- 
roded metal surfaces. 


Nonporous surfaces (metal, paint, 
plastic, etc.). Industrial films, 
oils and greases. 

Metal or painted surfaces... 


Metal and painted surfaces (non- 
porous), especially those having 





Situations where suitable 


Where contamination is in the form 
of dust; interiors of buildings and 
vehicles. 

Decontamination from a distance; 
fixed or movable items. 

Rooms where contaminated spray 
can be controlled; buildings, ve- 
hicles, aircraft, and ships. 

Surfaces covered with atmospheric 
dust and grease; fixed or movable 
items. 

Large, unweathered surfaces; sur- 
faces where corrosion is not tol- 
erable; in combination with water 
or steam treatments. 


Painted, greased or waxed surfaces;| Final detail cleaning; where com- 


plete immersion dipping opera- 
tions are possible; movable items. 


Metalor painted surfaces,especially| Decontamination of pipe circulating 
with porous deposits such as rust, 


systems; dipping of movable items. 


Large surfaces; both fixed and mov- 
able items. 


Large surfaces (horizontal, vertical 
or overhead); dipping of painted 
objects. 

Large, weathered surfaces; fixed or 
movable items. 

Floors, roads, structures requiring 
repainting. 
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grinding may be adequate for some small areas 

or objects. Planing is satisfactory for remov- 
ing the surface of such objects as wooden desks 
and table tops. Sanding with sandpaper re- 
moves contaminants from small metal or 
painted surfaces well; but it is, of course, 
only practicable for a few square feet. Chip- 
ping with a chisel may be necessary for re- 
moving wood or painted surfaces in crevices 
or other places inaccessible to large tools. 
Hand files are adequate for removing small 
surfaces of metals. Round files and buffers 
may be inserted in hand drills and used to re- 
move metal and painted surfaces in places 
where power-driven tools would be too cumber- 
some or toolarge touse. These miscellaneous 
methods are suitable and necessary only in 
rare cases. However, they are important in 
that they can be used to complete larger op- 
erations by reworking "hot spots." Protective 
masks and gloves must be worn throughout all 
these procedures. 


The tables 7-1 and 7-2 give a summary of 
the surface decontamination methods. Table 
7-1 gives the methodsor agents and the situa- 
tions and types of surfaces for which they are 
best suited. Table 7-2 gives types of surfaces 
and the decontaminating agents, action, tech- 
niques, and advantages and disadvantages for 
each. 


AGING AND SEALING.—Aging and sealing 
may be the most practical decontamination 
method for areas and equipment which are not 
needed immediately. Since the intensity of 
beta and gamma radiation falls off rapidly with 
time, the external radiation hazard is greatly 
reduced within a few days. While. the alpha 
radioactivity does not decrease appreciably, 
the particles have little penetrating power. 
There is some danger from alpha and beta par- 
ticles if they should be either inhaled or swal- 
lowed. But it is not difficult to PREVENT the 
radioactive material from getting into the body. 
Consequently, satisfactory decontamination 
can be achieved by waiting until the gamma 
radiations are down to a relatively safe level 
(aging), and then coating the surfaces to seal 
in the contamination that remains (sealing). 


In the sealing technique, common materials 
such as asphalt, paint, plastic, and grout (a 
thin cement mixture) can be used. (Table 7-3.) 
Because of its simplicity, this method can be 
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used for large-scale operations on open-ground 
areas, roadways, buildings, and vehicles that 
are not urgently needed. The sealing could be 
performed just as well BEFORE the aging, 
since the gamma radioactivity would decay 
anyway. But this makes it necessary to re- 
main in the contaminated area to carry out the 
sealing process. So it is better to allow the 
area or object to age first, before starting to 
seal, unless sealing can be done quickly. 


The use of aging and sealing procedures is 
determined, to a large extent, by whether 
tactical considerations will permit a period of 
aging before recovery of the object. The wait- 
ing or aging period is necessary to allow the 
intensity of the gamma radiations to decrease 
by natural decay, since the sealing materials 
will not form an effective shield against these 
radiations. The waiting period can be short- 
ened, however, by using some method of gross 
decontamination to remove part of the contam- 
ination—for example, hosing the surface. 


The best available sealing procedures and 
materials for the most common types of sur- 
faces are shown in table 7-3. 


DISPOSAL.—Surface decontamination, and 
aging and sealing, can solve many contamina- 
tion problems. But contamination which 
covers large areas will complicate operations. 
For example, many structures and machines 
may require more attention than they are 
worth. 


Objects which are badly damaged and also 
highly contaminated will not be worth decon- 
taminating. Porous material may defy surface 
decontamination. Delicate equipment may not 
withstand the rough cleaning methods or may 
not be adaptable to sealing techniques. In 
these cases, DISPOSAL may be a more prac- 
tical solution. 


If, for reasons of military or economic 
necessity, it is decided that a contaminated 
area must be cleared, structures and equip- 
ment which are difficult or impossible to de- 
contaminate must be disposed of insome man- 
ner. However, large-scale disposal of material 
in such an area is a big job and will be under- 
taken only when it is essential to reoccupy the 
area on a continuous basis. 


In general, radioactive material can be 
collected, concentrated by demolition, separa- 
tion, or controlled burning, and then removed 
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Chapter 7—DECONTAMINATION 


to a storage area away from people; or the 
contamination can be dispersed or diluted in 
an inactive medium, such as the atmosphere 
or large bodies of water, to the extent that a 
hazard no longer exists. 

The three methods of disposal of radio- 
active materials are: 

1. Burial on land. 

2. Entombment. 

3. Burial at sea. 

Burialonland is best adapted to areas which 
are remote from the sea and have no entomb- 
ment sites such as caves, mines, etc. in the 
vicinity. For permanent burial, a cell lined 
with concrete is recommended. It should be 
waterproofed with grout or similar material 
to prevent seepage and possible contamination 
of water supplies. The cell should be filled 
with contaminated material to within six feet 
of the surface; then filled to the top with at 
least six feet of earth. It should be capped 
with a concrete roof, sealed, and covered 
adequately with earth. Its position should be 
marked on the ground and reported through 
military command channels. 

Disposal by entombment is a simplified 
burial method which can be used if there are 
abandoned or low-grade mines, or natural 
caves nearby. The storage site should be as 
high as possible to provide a dry atmosphere. 
The containers should be treated to prevent 
corrosion. The entrance of the mine or cave 
should be sealed and its position marked and 
reported. 

For burial at sea, a deep water site should 
be chosen, preferably where there are no 
strong currents. The contaminated material 
may be placed in drums or caissons, which 
should be strong and reasonably leak-proof. 
Containers should be completely filled, by add- 
ing water if necessary, sealed, and then sunk. 
If proper precautions are taken there will be 
no appreciable escape until the radioactivity 
has become insignificant. 

PERSONNEL DECONTAMINATION. —After 
an atomic explosion, it is possible that a num- 
ber of individuals will become contaminated. 
If a supply of uncontaminated water is avail- 
able every effort to achieve partial decon- 
tamination of exposed skin surfaces of these 
persons by vigorous scrubbing with soap and 
water should be made. Pay special attention 
to hair, nails, skinfolds, and any other portion 
of the body from which radioactive particles 
may be difficult to remove. Take precautions 
to avoid abrasion (scraping) of the skin. 
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In an emergency, if a supply of water is 
lacking, wiping yourself with any CLEAN ma- 
terial at hand, such as paper, straw, grass, 
leaves, or sand, will remove some of the ra- 
dioactive contamination from the skin. But the 
material used for wiping must be uncontami- 
nated, or it maydo more harmthangood. Take 
care to prevent tearing the skin, or forcing 
contamination into wounds, body openings, or 
skin folds. 

Clothing can be partially decontaminated by 
vigorous shaking or brushing. 

Following the preliminary or emergency 
decontamination, you will be directed by signs 
or guides either to an established change sta- 
tion or to an improvised decontamination 
center. These stations or centers will be used 
for chemical and biological as well as radi- 
ological decontamination (fig. 7-12). 

The improvised decontamination centers 
will be divided into three sections, the un- 
dressing area, the washing area, andthe dress- 
ing area. The undressing area will have con- 
tainers, usually G. I. trash cans, to hold the 
contaminated clothing. On board ship, the deck 
house often serves as the undressing area. 
When the word is passed to abandon stations 
and proceed to decontamination stations, you 
should enter the deck house, remove all cloth- 
ing and proceed as rapidly as possible through 
the decontamination station provided on the 
main deck or above. Then proceed below decks 
for additional showering in the decontamination 
stations designated. 


In the washing area you will wash rapidly 
under a portable shower or a hose operating 
at reduced pressure. In the dressing area you 
will be issued towels and clean clothing of 
some sort. 


The preliminary washing process may re- 
move only about half of the contamination. So, 
in the established change centers, you will 
scrub yourself with brushes, using warm water 
and soap or a household detergent. As has 
already been mentioned, pay special attention 
to all the hair on the body and to places which 
might hide radioactive particles. 

After this thorough scrubbing, you will be 
monitored with a beta-gamma instrument. If 
you are not free from contamination, you will 
repeat the washing and scrubbing process as 
often as necessary. For persistent contami- 
nation, especially in wounds, your cleaning will 
be done under the supervision of medical per- 
sonnel. 
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Figure 7-12.-Suggested arrangement of a personnel 
decontamination station. 


Decontamination stations will be used not 
only for individuals who have become contam- 
inated directly in an atomic explosion, but also 
by personnel whose duties require them to 
work in contaminated areas orto come in con- 
tact with contaminated objects. Such persons 
will be supplied with special clothing. Upon 
entering the contaminated section of the de- 
contamination station, these individuals will be 


monitored. Clothing that is heavily contami- 
nated will be either disposed of, put aside for 
the radioactivity to decay, or laundered, de- 
pending on the extent of contamination, the 
facilities available, and the type of clothing. 
Waterproof clothing should be washed down 
before it is taken off; it can generally be used 
again without further treatment. 


The contaminated person then passes on to 
the showers where he will wash until cleared 
by a monitor. When he is declared to be free 
from contamination, he will proceed to the 
dressing section of the decontamination station 
to receive clean clothing. 


On board ship especially, every precaution 
Should betakento avoid bringing contamination 
into clean ship's spaces. Routes from weather 
decks to the shower stations will be planned 
with this in mind. (See figure 7-12.) Follow 
them very carefully. If available, strips of dis - 
posable material, such as wrapping paper, 
canvas, sheet rubber, etc. should be used to 
cover walkways. AS these strips become con- 
taminated, they can be gathered up and thrown 
over the side. 


Personnel wearing waterproof clothing 
should be washed down to remove exterior 
contamination before they leave the weather 
decks. A temporary shower rigged topside or 
standard wash deck and fire hoses canbe used. 


BW Decontamination 


Decontamination in biological warfare is the 
process of eliminating all possible sources of 
infection which may have been introduced by a 
biological attack. Many compounds are effec- 
tive decontaminants for biological warfare 
agents, but at the present time none meets ALL 
of the requirements. Those considered most 
effective are vapors of formalin (formaldehyde 
in water solution), ethylene oxide gas (ETO), 
chlorine applied in the form of bleach slurry 
(hypochlorite) or in other forms which will re- 
lease free chlorine to the contaminated area, 
and lye in solution. 

In addition tothe use of chemical disinfect- 
ants there are other methods of decontamina- 
tion available. These methods include the use 
of intense heat such as burning, dry heat, or 
moist heat. A hot air oven at about 160°C. for 
one hour is most effective for the dry heat 
method. For the moist heat method, boiling 
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water, steam or steam under pressure at 
about 120°C. for 15 to 20 minutes is effective. 
Fifteen pounds per square inch of steam pres- 
sure is generally used. Food and clothing are 
usually decontaminated by either the dry or 
moist heat methods. Some of these methods 
are used in combination with disinfecting 
liquids or gases. An example of such a com- 
bination is formaldehyde solution vaporized 
by steam. Each of the materials in each 
method has limitations that affect its use. For 
example, the corrosive compounds, such as 
hypochlorite and lye, are not to be used for 
disinfecting optical equipment, delicate in- 
struments, leather or wool. One of the ster- 
ilizing gases would be more suitable. Ethy- 
lene oxide gas is NOT a satisfactory 
decontaminant for the interior of buildings 
or ships vecause of the explosive nature of 
this compound. 
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Disinfecting agents intentionally omitted 
from the above list of decontaminants because 
of their limited use or ineffectiveness are: 
hydrogen peroxide, potassium permanganate, 
alcohol, bichloride of mercury, and the sur- 
face active agents often called the detergents. 
It is true that some of these compounds are 
effective on certain BW agents. It is assumed, 
however, that the exact agent involved will not 
be known prior to decontamination, and that 
only decontaminants effective against all agents 
should be used. 

In order to prevent the spread of the agent 
to other areas, decontamination procedures 
should be started as soon after an attack as 
possible. Exposed areas and essential equip- 
ment should be decontaminated first. 

FORMALIN VAPOR is considered one of the 
best BW decontaminants for interiors. The 
normal (Navy Stock) formalin is a solution of 
water, methanol, and 37% formaldehyde. The 
stock solution should be diluted with an equal 
volume of water before use. The vapor should 
remain in contact with the infected area for 
about sixteen hours. 

One method of vaporizing the solution is to 
bubble steam through an open container filled 
with the formaldehyde solution. A steam- 
cleaning rig can be used for this purpose. 
Where the use of steam is not practical, the 
solution may be vaporized by a high pressure 
spray device; ordinary paint spray equipment 
is satisfactory for this purpose. Windows and 
doors must be closed, but normal cracks, such 
as those around windows, need not be sealed. 
Drawers of desks and files should remain open 
during the decontamination process. Formalin 
vapor is not a good decontaminant for closed 
books or tightly packed papers. Methods for 
sterilizing such articles are described below. 
The bacteria-killing action of formalin im- 
proves with increased relative humidities. 

Formalin vapor is poisonous to man. A 
room containing the vapor should not be entered 
except in an emergency, and then only by de- 
contamination squads wearing protective 
masks. The vapor has a very penetrating odor 
and causes superficial distress such as upper 
respiratory irritation and tear production 
prior to any lasting damage. 

ETHYLENE OXIDE GAS is one of the best 
decontaminants for equipment because it pene- 
trates into remote crevices and recesses. It 
is non-corrosive on metals and may be used 
safely on delicate electronic equipment, books, 
papers, leather, fabrics and clothing. Moisture 
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is not required, as in the case with formalin 
and so the harmful effects of high humidity are 
avoided. Stock ethylene oxide comes in 100- 
pound metal cylinders complete with valves 

During decontamination procedures the gas 
is confined by use of a gas-proof tarpaulin or 
a canvas coated with vinyl plastic ('"moth- 
balling" material). It should be allowed to act 
for 12 to 24 hours. Small equipment may be 
decontaminated inbags ordinarily used for de- 
lousing or those used in chemical warfare de- 
contamination. Sixty pounds of ethylene oxide 
are required to decontaminate 2,000 cubic feet 
of space at a temperature of 70°F. and twice 
that amount at 60°F. Decontamination at 
temperatures under 40°F. with ethylene oxide 
is ineffective. 

ETHYLENE OXIDE IS READILY FLAM- 
MABLE AND VIOLENTLY EXPLOSIVE BE- 
TWEEN CONCENTRATION RANGES OF 3% 
TO 85%. IT MUST BE ISOLATED FROM 
FLAME OR SPARK AND MUST NOT BE USED 
INDOORS EXCEPT IN CONTROLLED FUMI- 
GATION CHAMBERS. 

The fumes of ethylene oxide are toxic for 
man and should not beinhaled. The first warn- 
ing of the presence of ethylene oxide is a 
sweetish odor followed by irritation of the eyes 
and nose. The latter occurs at concentrations 
that are not injurious for short exposures. 

If ethylene oxide is spilled on the skin, it 
may be removed by blotting with a dry cloth, 
and the skin must be kept uncovered to allow 
complete evaporation. Clothing or shoes wet 
with ethylene oxide must be removed immedi- 
ately and not reworn until they are completely 
dry and aired. 

The two general classes of substances suit- 
able for use in BW decontamination of EX- 
TERIOR SURFACES are those which act by 
the release of chlorine and those which act by 
their caustic action. 

Any solution containing chlorine is suitable 
for decontamination of horizontal surfaces. 
Materials which release chlorine from solution 
and which probably will be available include 
solutions of calcium hypochlorite (HTH, 
ordinarily used in water purification), chloride 
of lime (bleach), and sodium hypochlorite as 
in ordinary household liquid bleach. A solu- 
tion of sodium hydroxide (caustic soda or lye) 
is also aneffective decontaminant for flat sur- 
faces. Scrubbing with brooms increases the 
effectiveness of both classes of compounds. 
A weak solution and vigorous scrubbing is far 
better than a strong solution without scrubbing. 
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When the supply of decontaminant is limited, 
the rule should be touse a LITTLE bleach and 
LOTS of scrubbing. 

All persons handling these decontaminants 
should be careful toavoid getting the solutions 
on the skin or in the eyes. If any of these so- 
lutions should come in contact with the body, 
they should be immediately washed off with 
clear water. 

COTTON CLOTHING can be decontaminated 
by exposure to steam under pressure. Effective 
decontamination can be accomplished by ex- 
posure inan autoclave. Immersion for at least 
a half hour ina bleach solution and vigorous 
scrubbing followed by soaping and thorough 
rinsingin clear water is also asatisfactory de- 
contamination procedure. Such methods are not 
satisfactory for WOOL CLOTHING or leather, 
however. Small quantities of these items may 
be decontaminated with ethylene oxide gas in 
the bags ordinarily used for delousing, or in 
chemical warfare decontamination bags. 

The decontamination of CANNED FOODS 
is accomplished by immersion of the cans in 
hypochlorite for at leasta half hour and scrub- 
bing followed by rinsing in water. Fresh 
vegetables or exposed fresh meat should be 
destroyed or sterilized by steam under pres- 
sure (autoclaving) before use. Heavily con- 
taminated WATER may require superchlori- 
nation followed by dechlorination. In cases 
where chlorination is impractical, all water 
should be boiled for 15 minutes. Water sus- 
pected of being contaminated should not be 
consumed until a medical officer determines 
the completeness of decontamination and pro- 
nounces it safe for drinking. 

The procedures for the removal of BW 
agents from aircraft exteriors are the same 
as those used for CW contamination and are 
described later in this chapter. 

Interiors of aircraft suspected of BW con- 
tamination can be effectively decontaminated 
by using Carboxide gas asthe decontaminating 


agent. This method requires temperatures of 
at least 70°F., which may be achieved by 
heating the compartment, and also requires 
sealing the compartment tobe decontaminated. 


PERSONNEL DECONTAMINATION 


The methods of BW decontamination avail- 
able for exposed personnel are not as satis- 
factory as those available for surfaces and 
equipment. One reason for this condition is 
that the most effective decontaminants for bio- 
logical agents are poisonous to humans and 
must be used sparingly, if at all. 

Personnel will use a decontamination sta- 
tion similar to that described in chapter 5. 
Ointments, as used for chemical warfare 
agents, are not effective against biological 
agents and their use for this purpose should 
be avoided. In general, the procedure to be 
followed will consist of washing the hands with 
a hypochlorite solution, followed immediately 
by a shower which includes a thorough washing 
of the hair and face. Mild skin soap or hexa- 
chlorophene soap should be used freely and 
rinsedaway with water. This procedure should 
be repeated twice. 

It should be clearly understood that, in this 
decontamination procedure, reliance is being 
placed almost entirely on the mechanical ac- 
tion of washing and scrubbing, and that this 
procedure does not kill or remove all the 
germs present, particularly those in the nos- 
trils, ears, and eyes, or those under the fin- 
gernails. 

Because of the inadequacy of personnel de- 
contamination it becomes very important to 
obtain prompt medical attention for all cuts, 
burns, abrasions, or skin rashes. Germs are 
much more likely to enter the body through 
broken skin than through the intact skin. SELF 
MEDICATION SHOULD NOT BEATTEMPTED. 
THE MEDICAL OFFICER SHOULD BE IN- 
FORMED PROMPTLY OF ANY ILLNESS. 


CW DECONTAMINATION 


Methods of CW decontamination may be 
divided into the following general classes: 
Natural decontamination—weather. 
Accelerated destruction of agents—by chem- 
ical neutralization through the use of 
bleach and related agents; by steaming if 
an area is an enclosed space, such as 


a compartment; by other means such as 
burning or burying. 
Decontamination by sealing. 
Physical removal of contaminants by wash- 
ing and absorption by solvents. 
The method of decontamination to be used in 
each case will depend upon the agent involved, 
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the extent of contamination, and the urgency 


: ci the situation. If the area is large and not 


vital to an operation, natural means such as 
weathering may be adequate. If the area is 
urgently needed, quick decontamination is re- 
quired and may be done by the use of super- 
heated steam in enclosed spaces, (such as ship 
compartments) or by the use of the various 
chemical decontaminating agents to be de- 
scribed later. 


NATURAL DECONTAMINATION 


WEATHERING is a natural means of decon- 
tamination by which CW agents are removed, 
principally by evaporation or decomposition. 
Itis the simplest and most widely applicable 
method of decontamination but lack of time, 
unfavorable weather conditions, or nearness 


. of contamination tounprotected personnel may 
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make it impractical. 

AERATION promotes decontamination and 
high winds rapidly disperse the vapors of CW 
agents and increase the liquid evaporation rate. 

HIGH TEMPERATURES speed upthe change 


of liquid to gas and increase the dispersion of 


CW agents inthe air. The persistency ofa CW 
agent increases as the surrounding tempera- 
ture decreases. 

The presence of MOISTURE tends to hy- 


drolyze CW agents, that is, they react with 


water to form new substances. Most CW agents 
hydrolyze slowly. Rain, in addition to causing 


. some hydrolysis and decontamination by me- 


$ 
v 


chanically removing CW agents, may cause 
concentration of the agents in drainage areas. 
Bright SUNLIGHT is adecontaminant. Even 


, incold weather the direct raysof the sun warm 
. surfaces above the air temperature and speed 
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. upevaporation and decomposition of CW agents. 


ACCELERATED DECOMPOSITION OF 
CHEMICAL WARFARE AGENTS 


Chemical destruction of the agents used in 
chemical warfareis perhaps the best and most 
effective mode of decontamination. By chem- 
ical destruction is meant the decomposition of 
the agent as a result of interaction with some 


. other substances to produce either harmless 


products, or products which, even if harmful, 
are more easily removed than the original 


oxidizing action. However decontamination by 
hydrolysis may be so slow that an additional 
agent may have to be added to the-water to in- 
crease the rate of reaction. OXIDATION also 
changes the chemical nature of the contami- 
nant, thus destroying the poisonous effects. 
This change is produced by the reaction of the 
CW agent with an oxidizing substance such as 
bleach. 

Although WATER will react to destroy more 
than half of the chemical warfare agents, the 
rate of reactionis often so slow that the chem- 
ical action of the water is secondary to the 
washing and irrigating action. For this reason, 
the use of water is more fully described later 
under Physical Removal of Agents. In the 
form of superheated steam, however, water 
effectively removes many contaminants in en- 
closed spaces by hydrolysis since increased 
temperatures speed up its chemical actions. 

The CHLORINATED BLEACHES are com- 
monly used as decontaminating agents. They 
are best represented by calcium hypochlorite, 
more commonly known as chlorinated lime or 
chloride of lime. As usually encountered, this 
substance is a cream-white powder having an 
odor of chlorine and exhibiting a strong oxi- 
dizing action; it is normally used to purify 
water. 

The oxidizing capacity of the bleaches arises 
from the active chlorine which is made avail- 
able when the bleach is added to water. Con- 
sequently, the effectiveness of the bleach may 
be measured or rated by the amount of "avail- 
able chlorine." This amount may range from 
10% to 70% depending upon the specific agent 
used and upon the purity of the agent. The 
bleaches generally available for military use 
are chloride of lime—Grade 3 and Decontami - 
nating Agent, STB (Supertropical Bleach), both 
of which have an available chlorine content of 
about 30%. 

Bleach should be stored in the open and 
shielded from the sun and rain by a shed roof 
or some similar cover which is open on the 
sides. It should never be stored near metal 
equipment which will be damaged by corrosion 
or near combustible material. A periodic 
inspection should be made of all stores of 
bleach, and drums which show serious corro- 
sion should be surveyed. Small rusty areas 
on the containers should be wire-brushed and 


then coated with acid resistant paint. Drums 
which are found to be generating heat should 
be removed from the storage area and sur- 
veyed. Sometimes such containers may cause 
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. agent. 

^ The two chief classes of decontaminating 
' agents which work this way are those which 
: cause HYDROLYSIS and those which exert an 
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small fires which, if discovered at an early 
stage, should be extinguished by sand or car- 
bon dioxide. When cooled, the heated material 
should be removed from the storage areas. 

Care should be taken not to breathe bleach 
dust as it has an irritating effect upon the 
throat and lungs. If spilled on the skin, it 
should be washed off with water as quickly as 
possible to prevent burns. If bleach gets into 
the eyes, they should be immediately andthor- 
oughly washed out with water, and the individual 
should be given medical attention. Persons 
handling bleach in considerable quantity must 
wear protective masks and expect their cloth- 
ing to be damaged. Closed spaces containing 
large amounts of bleach must be thoroughly 
ventilated before entering. 

PREPARATION OF DRY-MIX:—If bleach 
is mixed directly with liquid mustard, a vio- 
lent reaction takes place which may even pro- 
duce flames. This may be undesirable since 
the fumes will contain high concentrations of 
mustard vapor which would serve as a source 
of contamination. When bleach is to be spread 
where pools of mustard may be found, the 
bleach should normally be mixed with some 
inactive substance to slow down the reaction 
with the liquid mustard. Dry earth or sand is 
best suited for this purpose and the earth- 
bleach mixture is called DRY-MIX. The pro- 
portions for dry-mix are two parts of bleach 
to three parts of earth or sand by volume. 
Volume may be measured accurately enough 
by shovels. The coverage of dry-mix is 
usually given as one square yard per pound of 
bleach in the mix. This should be regarded as 
a minimum figure, however. In five shovel- 
fuls of dry-mix there will be about ten pounds 
of bleach, and according to the coverage just 





stated, this may be spread over ten square 


yards. Under certain conditions it may be 
difficult to spread five shovelfuls of dry-mix 
evenly over an area this size and a larger 
quantity will be required. 

Dry-mix usually is spread with shovels 
(fig. 7-13), but for larger areas a mechanical 
spreader can be used. The mix is used on 
roads, shell holes, or open ground where it can 
be allowed to remain indefinitely. If it be- 
comes necessary to remove it, several days 
should elapse after application of the mix be- 
fore doing so to allow sufficient time for the 
bleach and soil to neutralize the gas. Freshly 
covered areas may require camouflaging with 
grass, brush, or earth, to prevent aerial de- 
tection. 
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Figure 7-14.—Spraying a street with chlorine slurry. 
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PREPARATION OF SLURRY:—Another way . 
of using bleach is to mix it with water to form . 
a suspension (mixture) called "slurry." (Figure 


7-14). 


The bleach is mixed with water in the : 


proportion of one part of bleach to one part of . 
water by weight, or five parts of bleach to four : 


parts of water by volume. 


The same propor- . 


tion can be obtained by mixing eight pounds of ` 


bleach per gallon of water. 


anti-set, 


525 pounds of bleach. In mixing smaller quan- 
tities of slurry to be used in power decon- 
taminators, six pounds of bleach should be 


The proper pro- . 
portions of bleach and water for slurry to be 
used in the 400-gallon power decontaminator . 
are normally 225 gallons of water per 1,300 
pounds of bleach to which 6-1/2 pounds of 
M1, have been added to prevent 
settling. The proportions for the 150-gallon 
decontaminator are 90 gallons of water and 
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used per gallon of water. One-half pound of 
anti-set is added per 100 pounds of bleach in 
all cases. 

BLEACH PASTE: —Bleach paste is made by 
mixing bleach with just enough water to form 
a paste of the consistency desired. It is much 
thicker than slurry and is generally used on 
relatively small areas where a particularly 
strong decontaminating action is required or 


where a more clinging type of mixture is 


. without adding anything in certain cases. 


needed, as on walls. It is too thick to be 
sprayed and must be put on with a brush, 
broom, or swab. The coverage should be one 
square yard per pound of bleach. NOTE: This 
is NOT per pound of PASTE. 

UNMIXED BLEACH:—Bleach may be used 
As 
noted above, it should not be used where it will 
come in contact with pools of liquid mustard, as 


the resulting flame or vapor will be dangerous. 


Itis applied by shoveling, sprinkling by hand 


or machine, orby sifting over relatively small 
areas such as sidewalks or shellholes. Cover- 


age is one pound of bleach per square yard of 


Surface. 


DANC, a rapid decontaminating agent for 
use against all common blister agents, is 
limited to use ashore. This agent is stable in 
storage and is less corrosive than bleach, but 
the vapor hazard during its use, and possibly 
in storage, is a serious drawback. It is a 
white- to cream-colored powder which re- 
leases active chlorine on contact with the 
blister gases and thereby neutralizes them. 
Weapons, instruments, vehicles, and metal 
surfaces and equipment of all kinds can be 
decontaminated with it. Prior to use, the 
powder is dissolved intetrachlorethane, some- 
times called TCE. 

To prepare the decontaminating solution, 
RH-195 powder is dissolved in the tetrachlor- 
ethane in the porportion of one pound of RH- 
195 to ten pounds of solvent (fig. 7-15). In 
measuring the parts by volume, use one jar 
(5 gallons or approximately 25 pounds) of pow- 
der to four drums (20 gallons) of the solvent. 
Smaller quantities are prepared in the same 
proportion; that is, one volume of powder to 
four volumes of solvent. 

The solvent, tetrachlorethane, is stable and 
not flammable, but it is poisonous in both the 
liquid and vapor states. Continued breathing 
of the vapors or absorption of the liquidthrough 
the skin may result in serious injury to per- 
sonnel, as it produces a poisonous effect on 
the body which becomes progressively more 
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severe. A strong concentration of the fumes 
may cause unconsciousness and death. Hence, 
workers with the solvent or the solution must 
exercise care in handling the material and 
should be adequately protected. If mixing 
would involve unavoidable breathing of vapor, 
protective masks should be worn. The hands 
should be protected with rubber gloves, but 
care should be taken not to wet the gloves 
unnecessarily since the solution will damage 
them on prolonged contact. Personnel should 
be instructed to remove promptly any articles 
of clothing which become soaked with the liquid 
and to wash the skin with soap and water as 
soon as possible. 

The solution may be prepared in any DRY 
metal or wooden container preferably in the 
open. Operators should stand to the windward 
to avoid contact with the vapors. A wooden 
paddle should be used to stir the mixture and 
to insure that the powder is completely dis- 
solved. The solution breaks up in storage and 
should not be stored for more than three 
months. 

One gallon of solution in the above propor- 
tions will effectively decontaminate six square 
yards of very heavily contaminated surface, 
15 square yards of heavily contaminated 
surface, 30 square yards of moderately con- 
taminated area, and an even larger area of 
light contamination. The solution is exceed- 
ingly destructive to rubber and plastics if al- 
lowed to remain in contact with them. It is 
somewhat corrosive, and what is left after the 
solution evaporates should be flushed from the 
surface which has been decontaminated. Sur- 
faces which are easily corroded should be 
given a coat of oil after decontamination has 
been completed. 

Other chemicals which may be used for 
decontamination if the standard chemicals are 
not available are: 

CAUSTIC SODA (lye, sodium hydroxide) de- 
stroys most CW agents on contact when mois- 
ture is present and is especially effective for 
some blister agents and the G-series agents. 
Solutions of caustic soda in water are effective 
in most concentrations but the more concen- 
trated the solution, the faster is the decontam- 
ination. Surfaces such as aluminum or zinc 
that are corroded by a concentrated water 80- 
lution are treated with 5% (by weight) solution 
of caustic soda and wood or grain alcohol. 

Protective Ointment, M5 and BAL Oph- 
thalmic Ointment are supplied for personnel 
protection and for use in self-aid against the 
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Figure 7-15.—Preparing RH-195 solution. 


blister agents. These ointments may also be 
used in emergency decontamination of masks 
and other items of personal equipment with 
which the individual comes in close contact. 
Normally most of the ointment available will 
be needed for self-aid treatment and therefore 
extreme care must be taken not to waste the 
supply by using it on objects which could be 
decontaminated by more plentiful agents. 
Expendable objects, or objects of little 
value, may be BURNED if contaminated. This 
procedure should not be used except as an 
emergency measure or asa means of disposal 
of material which hasbeen highly contaminated 
in disposal or decontamination operations. If 
this method is to be used, a VERY hot fire 
should be kindled and the objects burned while 
the heat is at its peak. The intense heat is 
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necessary for destruction of the CW agent —a 
low temperature merely results in volatiliza- 
tion of the agent and the vapor may serve as a 
further source of contamination. Personnel 
using this procedure should be equipped with 
protective masks and adequate protective 
clothing. Precautions should be observed with 
regard to the wind direction in order that safe 
areas will not be contaminated. 

STEAM mechanically removes chemical 
agents and, to Some extent, neutralizes them 
by hydrolysis. High pressure produces a 
better cleaning action than low pressure, but 
extreme caution should be taken to avoid the 
spread of contamination. 

LEWISITE reacts readily with water but the 
product which results is poisonous and ex- 
tremely insoluble in all solvents. This product, 
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a fine crystalline solid, does not volatilize 
(change to a gas) sufficiently to be harmful as 
avapor but it has a blistering action when it 
comes in contact with the skin. Therefore, 
great care must be taken to remove this sub- 
stance if steam is employed in the decontami- 
nation of surfaces contaminated with lewisite. 


DECONTAMINATION BY SEALING 


In Some cases a porous surface may be 
SEALED off, either to prevent the absorption 
of an agent or to prevent the volatilization of 
an agent already entrapped within the surface. 
Sodium silicate, commonly known as WATER 
GLASS, is perhaps the most widely used ma- 
terial for such purposes. It is applied with a 
brush, and after some exposure with the air, 
forms a hard, transparent coating. After sev- 
| eral applications the surface is thoroughly 
| sealed. While paints and varnishes would seem 
to accomplish the same purpose, they MUST 
. NOT be used because they are readily pene- 

trated by most blister agents, and, in fact, 

form solutions of such agents. 
= In an emergency where sealing is not pos- 
sible, areas may be covered with earth, saw- 
dust, ashes, or similar materials. Such treat- 
ment will neither destroythe agent nor prevent 
its volatilization, but the area will be made 
usable and will remain so until the vapors of 
the agent seep through. The minimum depth 
of such covering should be three inches. 


PHYSICAL REMOVAL OF 
CONTAMINANTS 


In many instances, particularly under emer- 
gency conditions, thorough WASHING with the 
proper solvent will be sufficient to remove the 
contaminating agent from metal and permit a 
rapid chemical treatment as a follow-up, pro- 
vided that the agent has not had time to pene- 
trate the surface. In mostinstances water will 
be satisfactory although other solvents may 
be employed. 

USE OF WATER:—Although in some in- 
stances water at ordinary temperatures is a 
very efficient decontaminating agent, there are 
many times when it is inadequate. It is, of 
course, the most plentiful of all decontaminants 
but, unfortunately, it reacts rather slowly with 
some warfare agents. This characteristic be- 
comes less important when you consider that 
the mechanical action of large volumes of 
water may result in fairly effective removal 
of the agent merely by flushing it away. 
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In the use of water, three facts should be 

considered: 

1. Flushing is ineffective against blister 
gases unless it is employed immediately 
after exposure to the gas; that is, before 
the agent has penetrated the surface of 
whatever it contaminates. 

. Certain agents, such as lewisite, may 
react to leave poisonous substances. 

. The reaction may result in the release 
of acid in non-poisonous but corrosive 
concentrations. 


For these reasons, care must be taken to 
assure that all surfaces are washed thoroughly 
and that no reaction products remain. 

Water may be applied by any method that 
will provide coverage. Small objects can be 
swabbed or scrubbed whereas large objects 
and surfaces may be treated by use of a pres- 
sure hose. If the pressure hose is used, care 
must be observed to insure that the force of 
the hose stream does not merely scatter the 
agent about the immediate area or into pre- 
viously safe adjoining areas. One of the prin- 
cipal objectives of decontamination is to reduce 
the hazard of direct or indirect contact with 
persistent CW agents. Thorough hosing and 
flushing with water can accomplish this. 

While cold water may be used, hot water 
or steam is more effective—all chemical re- 
actions proceed at a greater rate when the 
temperature is raised. Of course, considera- 
tion must be given to the individual case— 
careless application of hot water tosome mix- 
tures might result in a dangerously violent 
reaction. 

In general, the effect of water is assisted 
by the use of soaps and detergents (chemical 
cleaners) (fig. 7-16). 


USE OF SOLVENTS OTHER THAN WA- 
TER:—Other solvents such as gasoline, oils, 
alcohol, most dry-cleaning solvents, and many 
of the antifreezes, may be used with approxi- 
mately the same effect as water. In general, 
however, these agents are useful simply 
because they dissolve the agent—they rarely 
cause any decomposition. Generally speaking, 
a substance can be dissolved bya solvent which 
is similar in chemical and physical properties. 
Most of the chemical warfare agents are re- 
lated to hydrocarbons (compounds composed 
of hydrogen and carbon) and hence may be dis- 
solved in the solvents mentioned—all of which 
are also either hydrocarbons or related to 
such substances. 
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Figure 7-16.—Damage control crew scrubbing a deck using water and detergent. 


In practice, these solvents are applied by 
means of swabs or similar equipment and the 
area throughly scrubbed and rinsed. If the sur- 
face is non-porous (such as glass or unpainted 
metal) decontamination may be highly effective. 
It should be noted, however, that the use of some 
of the hydrocarbon solvents may not be prac- 
tical in certain instances—they may react un- 
favorably with such materials as plastics. 

Inasmuch as washing usually involves simply 
the transfer of an agent from a surface to a 
solvent in unchanged state, it is necessary to 
make certain that the wash solution is either 
treated with appropriate chemical decontami- 
nation agents or that it is removed to some 
area where it will not be a source of danger. 

EXPLOSIVES are of special value for blast- 
ing paths through vegetation suchas high grass. 
Explosives only partly remove contamination 
because the ground and adjacent vegetation re- 
main contaminated, but troops may traverse 
the path without danger of liquid contamination. 

Explosives, such as Bangalore torpedoes 
(thin-walled steel tubes loaded with explosives) 
or triple-thickness lengths of detonating cord 
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to which TNT blocks are taped at two- or 
three-foot intervals, are placed in a line 
through dense undergrowth. The charges, in 
30-foot sections, are thrown over the contam- 
inated area in the direction of travel, or are 
fastened to poles and the poles pushed through 
the area. All the foliage and undergrowth are 
blasted away, and a clear path isleft free from 
all vegetation except the stouter young trees. 
The type and thickness of the vegetation and 
the degree of contamination must be considered 
in deciding which explosive and which method 
of placement to use. To remove gross con- 
tamination of dense undergrowth, a more pow - 
erful, explosive action can be gained by the 
use of a "demolition snake", a charge whichis 
pushed into place by a tank and which is simi- 
lar to but longer than the Bangalore torpedo. 
A "demolition snake" wil blast a path 
approximately 15 yards wide, 15 yards high, 
and 130 yards long. 


DECONTAMINATION OF AIRCRAFT 


Aircraft may be contaminated with CW 
agents from enemy spray, bombs, or other 
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Figure 7-17.—Damage control crew hosing down a gun mount. 
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water rinse. This should be done at a reduced 
water pressure to avoid undue contamination 
of the decontamination teams. 

An alternate method is to wash the aircraft 
with standard steam cleaning machines using 
a steam cleaning compound. The effective- 
ness of a soap and water mixture is increased 
considerably whenever hot water is obtainable. 
The rinsing operations should be accomplished 
as described above using hot water if available. 

If contamination is found to exist in the in- 
terior of the aircraft, it can be reduced by 
using engine and shelter heaters to ventilate 
the compartments with a stream of hot air. 


munitions, or while executing spray missions. 
Contamination may be caused during missions 
by leaking chemical tanks, leaking munitions 
or by the aircraft's slipstream carrying the 
spray against the aircraft when the spray is 
released. Aircraft lightly contaminated by 
spray are decontaminated by aeration. Flying 
the aircraft is of doubtful value in decontami- 
nating the exterior surfaces and has no sig- 
nificant advantage over aeration onthe ground. 
Because they are corrosive, such decon- 
tamination materials as DANC solution, bleach, 
sodium hydroxide, sodium carbonate and sim- 
ilar compounds are NOT used on aircraft. 
Blister and nerve agents can be removed 
from aircraft by thorough washing and scrub- 
bing. This is best accomplished by spraying 
solvent emulsion cleaner (GUNK), in a mixture 
of one part GUNK to nine parts kerosene, on 
the aircraft exterior using standard cleaner 
dispensers, which are readily available where- 
ever aircraft washing operations are normally 
conducted. The emulsion cleaner is permitted 
to soak for ten minutes before removing with 
a high pressure rinse. Any variable pressure 


Personnel Decontamination 


The decontamination of personnel contami- 
nated with CW agents is described in chapter 5. 


COMMON DECONTAMINATION 
PROCEDURES 


Although the decontamination procedures 
and materials have been given separately for 


water source, such as the M3A2 400 gallon 
dectonaminating apparatus, is adequate for 
this purpose. In rinsing large aircraft, how- 
ever, the decontamination operations shouldbe 
conducted at the regular wash rack or at a lo- 
cation where there is a continuous water supply. 

The rinsing operation is first accomplished 
by gentle flooding of the surfaces which will 
carry away most of the cleaner and the CW 
agent without driving an excessive amount of 


AW, BW and CW contamination, it is evident 
that in some cases the same procedures and 
materials can be common to two or all three 
types of contamination. The most obvious 
common procedures are water washing and 
steam cleaning (fig. 7-17). The water washing 
procedure and steam could be used against all 
three types. Sealing can also be used against 
all three types by using a specific sealer for 
each type. Aging may be used for both AW and 


CW, and to some extent, for BW. 

Such materials as the bleaches may be is 
fective against both BW and CW contamination. 
Caustics, such as lye, can be used against all 
threetypes. Solvents such as gasoline can help 
to remove both AW and CW contamination. 

Soap and water are good personnel decon- : 
taminants against all three types of contami- 
nation in varying degrees. And finally the same , 
personnel decontamination stations are used ` 
for decontamination against all three types. 


the agent into the seams. This is followed by 
a high-pressure rinse in such a manner that 
the stream strikes the surface ata slight angle 
from the vertical and is deflected from the 
operator. Use a fan shaped spray under re- 
duced pressureon fabric and transparent sur- 
faces. Rinse the cleaner off theaircraft work- 
ing from top surfaces down and front to rear. ’ 
Very dirty or greasy surfaces (wherein the 
agent will be dissolved) can be best cleaned by 
brushing of the surface simultaneous with the 
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10. 


Define decontamination. 


QUIZ 


11. 


Radioactive contamination of equipment 
may be temporarily dangerous to, —— 


The reduction of nuclear radiation intensity 


as quickly as possible to permit personnel 


12. 


to use an object or remain in an area for 
a limited period of time is called: 


a. 
b. 
c. 
d. 


gross decontamination 
quick decontamination 
detailed decontamination 
AW decontamination 


The decontamination process used to re- 


store an area or equipment to its original 
usefulness is called: 


a. 
b. 
c. 
d. 


13. 


AW decontamination 
slow decontamination 
gross decontamination 
detailed decontamination 


The disadvantage to waiting for radio- 


activity to 'decay'' naturally is that: 


a. 
b. 


C. 


d. 


Decontamination of porous or fibrous ma- 
terials is very difficult because the con- 


14. 
the equipment will be damaged 

the equipment cannot be used im- 
mediately 

the operation of the equipment must 
be changed 

none of the above 


15. 


16. 


tamination: 


a. 
b. 
c. 
d. 


can deteriorate the material 
will stay on the suríace 

can penetrate the ''pores.'! 
will not stick to the material 


How thoroughly you decontaminate anarea 


will depend upon the: 


a. 
b. 
c. 
d. 


Radioactivity (can) 


17. 
location and the season 

type of burst 

time available and the circumstances 


fallout 18. 


(can not) be either 


neutralized or destroyed. 


In BW decontamination use only those ma- 
terials and methods known to be effective 


against: 
a. all BW agents 19. 
b. a particular family of BW agents 
c. the specific BW agent 
d. none of the above 
In general, the CW agents that will present 
any serious decontamination problem are 
those which are: 
a. short -lived 
b. soluble 20. 
c. in the form of vapors 
d. long-lived 
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WhenCW agentsappear asa pool of liquid, 
the degree of contamination is considered: 
a. heavy 
b. very heavy 
c. moderate 
d. light 


The two factors which will determine 
whether CW decontamination is practical 
are: 
a. the materials and the procedures 
b. the extent and degree of contamina- 
tion 
c. the location and the season 
d. the type and quantity of CW agent 


The most practical method of gross de- 
contamination is: 

a. steaming 

b. sealing 

c. water washing 

d. scraping 


The decontaminating action of water will 
be greatly (increased) (decreased) by the 
addition of soap or detergents. 


The quickest method for clearing a road 
littered with contaminated debris is by 
means of a 





Before performing any decontaminating 
operation with earth, reducethe dust haz- 
ard by: 

a. wetting down 

b. bulldozing 

c. plowing 

d. sealing 


A recent development for the protection of 
ships from radioactive contamination is a 


Another method for the rough decontami- 
nation of ships i8: 

steaming 

hosing down with sea water 

. sandblasting the surfaces 

. vacuum cleaning 


e. o o p 


If you are decontaminating aircraft by 
hosing, and.fog or spray nozzles are not 
available, the water pressure must be: 


a. varied 

b. high 

c. increased 
d. reduced 


It may be possible to decontaminate a 
plane more completely by using 
apparatus with a 
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21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


A highly contaminated aircraft engine will 
constitute a hazard chiefly to the: 

a. pilot 

b. navigator 

c. maintenance crew 

d. flight engineer. 


The three basic methods used in detailed 
decontamination operations are. .  J  , 


» —————MÓ——————— ———— D» 


and 


The success of surface decontamination 
depends primarily upon the: 

a. specific decontamination agent 

b. method and the object 

c. length of time available 

d. usefulness of the object 


The method(s) used to remove only the 
loosely held contamination is (are): 

water washing 

Steaming 

vacuum cleaning 

all of the above 


e. o eb 


Decontaminating agents which chemically 
combine with many materials to form 
molecules soluble in water are called: 


a. detergents 

b. complexing agents 
c. caustics 

d. organic solvents 


Sodium hydroxide is a (n): 
a. caustic 
b. complexing agent 
C. inorganic acid 
d. detergent 


One of the following is NOT an organic 
solvent: 

a. gasoline 

b. alcohol 

c. lye 

d. turpentine 


The best available agents for decontami- 
nating pipe circulatory systems are the: 
a. organic solvents 
b. inorganic acids 
c. complexing agents 
d. caustics 


The most efficient technique of abrasive 
decontamination is: 

a. sandblasting 

b. chipping 

c. planing 

d. vacuum blasting 
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30. 


3l. 


32. 


33. 


34. 


35. 


36. 
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38. 


39. 


40. 


In the aging and sealing method of decon- 
tamination, the sealing may be done with 
such materials as: 


a. asphalt 
b. paint 
c. grout 


d. all of the above 


The three methods of disposal of radio- 
active materials are on land, 
, and at sea. 


An effective BW decontaminating agent for 
use on equipment is: 

a. ethylene oxide 

b. alcohol 

c. hydrogen peroxide 

d. bichloride of mercury 


The best BW decontaminant for interiors 
is: 

ethylene oxide 

formalin vapor 

alcohol 

hydrogen peroxide 


aarp 


Steam under pressure is used for the BW 
decontamination of: 

a. canned foods 

b. wool clothing 

c. cotton clothing 

d. leather 


Interiors of aircraft suspected of BW con- 
tamination can be effectively decontarnmi- 
nated by using gas. ` 


Natural decontamination involves the ef- 


fects of: 
a. high temperatures 
b. moisture 
c. aeration 
d. all of the above 


Water reacts to destroy CW agents by: 
a. hydrolysis 
b. oxidation 
c. neutralization 
d. evaporation 


Bleaches react to destroy CW agents by: 
a. evaporation 
b. oxidation 
c. hydrolysis 
d. neutralization 


Dry-mix is used to decontaminate: 
a. interiors of buildings 
b. ships 
c. roads and open ground 
d. wooded areas 


DANC is limited to use 
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41. 


42. 


43. 


44. 


The decontaminating agent which destroys 
most CW agents on contact when moisture 
is present is: 


a. washing soda 
b. DANC 

c. lye 

d 


. Sodium sulfide 


Expendable items which are contaminated 
with CW agents should be: 
a. washed with water 


b. burned 
C. steam-cleaned 
d. sealed 


The most widely used material for seal- 
ing off a contaminated surface is: 

a. water glass 

b. paint 

c. varnish 

d. all of the above 


Flushing à surface with water is ineffec- 
tive against blister gases unless: 
a. the CW agent is permitted to evap- 
orate 
b. the CW agent has penetrated the 
surface 
c. the water is permitted to remain on 
the surface 
d. the water is used immediately after 
exposure to the gas 
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45. 


46. 


47. 


48. 


49. 


50. 


Most CW agents may be dissolved in such 
solvents as: 

a. alcohol 

b. gasoline 

c. antifreeze 

d. all of the above 


Because itis corrosive, one of the follow - 
ing should NOT be used to decontaminate 
aircraft: 


a. Gunk 
b. water 
c. bleach 


d. steam cleaning compound 


In personnel decontamination, care must 
be taken to prevent: 
a. tearing the skin 
b. forcing contamination 
openings 
c. scraping the skin 
d. all of the above 


into body 


Personnel decontamination centers are 
divided into the following areas: 

a. airlocks, showers, dressing 

b. undressing, washing, dressing 

c. washing, dressing 

d. airlocks, washing 


Ointments, as usedfor CW agents, (should) 
(should not) be used against BW agents. 


The best agent(s) for decontamination of 
personnel (is) (are): 


a. soap and water 
b. bleach 

c. alcohol 

d 


. none of the above 


NOTE: Passive Defense is now called Disaster Control. This change 
in terminology should be applied throughout this chapter. 


CHAPTER 8 
PREPARING FOR ABC WARFARE DEFENSE 


To be prepared properly for defense against 
ABC Warfare attack requires more than a 
knowledge of the nature of the agents which 
might be used, of the methods and equipment 
for detecting these agents, and the procedures 
for removing them and minimizing their effects. 
It requires organization, the establishment of 
responsibilities and specific procedures, and 
training. 


THE DEFENSE BILL 


In naval usage, the term BILL refers to 
detailed instructions to be followed in the per- 
formance of duties in connection with a specific 
Situation. The two types of bills applicable to 
ABC warfare defense are the ABC Defense 
Bill for ships and the Passive Defense Bill for 
shore stations. 

Each ship will have an ABC Defense Bill 
and each shore station a Passive Defense Bill 
in order to achieve the following objectives: 

a. Training of personnel for defense against 
ABC Warfare attack. 

b. Procurement, distribution, and mainte- 
nance of necessary equipment and mate- 
rials. 

c. Decontamination of equipment and mate- 
rials. 

d. Decontamination of personnel. 


Aboard ship the Damage Control Assistant 
is immediately responsible for the adminis- 
tration and organization of the ABC Defense 
Bill, but the medical phases are administered 
by the Medical Officer. Specifically, a defense 
bill aboard ship should include: 

1. A list of openings which must be closed 
duringanattack and anassignment of per- 
sonnel to close them. 

2. A list of the detection devices, their lo- 
cations, and an assignment of responsi- 
bility for their observation and operation. 

3. A list of personnel decontamination sta- 
tions. 

4. Provision of an adequate and distinctive 
alarm system. 

9. Assignment of personnel to decontami- 
nate materials. The apparatus and gear 
required for such operations should be 
listed and its stowage defined. 

The sequence of operation of the bill should 

be defined for all probable conditions. 

The procedure ashore, with the Passive 
Defense Bill, is very similar to that aboard 
ship, with additional procedures for the use of 
such features as mobile units, collective pro- 
tectors, and collective shelters. 

The following sample ABC Defense Bill, 
condensed to conserve space, givesthat infor- 
mation with which you would be most concerned. 


Sample ABC Defense Bill 


1. Purpose. To provide an organization and 
procedures to minimize the effects of an atomic, 
biological or chemical attack in order to main- 
tain the maximum offensive power of the ship 
before, during, and after attack. 

2. Responsibility for the bill. The Damage 
Control Assistant, under the supervision of the 
Engineer Officer, shall be responsible for this 
bill. He shall maintain it in a correct andcur- 
rent status. 

3. Information. Atomic, Biological, and 
Chemical Warfare consist of the employment 
of nuclear weapons, living organisms or their 
poisonous products, and chemical agents 
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adapted for military use to produce death or 
incapacitating effects on personnel and to affect 
materialto impair the offensive power of the 
ship. 
a. Means of dissemination are: 
(1) Overt Attack 
(a) Atomic or thermonuclear de- 
vices 
(b) Projectiles 


(c) Conventional bombs 
(d) Dust (Radioactive agents) 


(e) Aerosols (a fine suspension of 
particles in the atmosphere) 


— — n — Ee 
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(2) Covert Attack 
(a) Remote generation of aerosols 
(b) Sabotage 

b. Radioactivity is of two general classifi- 
cations: 

(1) Instantaneous—Released at moment 
of detonation of an atomic or thermo- 
nuclear device. 

(2) Residual—Unfissioned and fissioned 
particles contained inthe base surge 
(surface or subsurface detonation) 
or deposited as fallout. 


c. The types of atomic or thermonuclear 
burst fall into four basic categories, as 
follows: 

(1) Air burst 
(2) Surface burst 
(3) Underground burst 
(4) Underwater burst 
The latter three categories can result ina 
“high degree of residual contamination. 


d. Chemical agents fall into six basic cate- 
gories, which are: 
(1) Nerve agents 
(2) Blister agents 
(3) Blood agents 
(4) Choking agents 
(5) Vomiting agents 
(6) Tear agents 


e. Biological agents do not immediately 
manifest themselves but require an in- 
cubation period of from several hours to 
several days or weeks. 


f. Atomic, Biological, and Chemical War- 
fare Defense are the means and measures 
to minimize damage and casualties re- 
sulting from an ABC attack. This defense 
consists of the following four phases: 

(1) Phase I—Normal peacetime training 
period 

(2) Phase II—Attack possible 

(8) Phase III—Attack imminent 

(4) Phase IV —Post attack 


4, Procedures. Phase I—Normal peacetime 
training period 

(The responsibilities of the Commanding 
Officer, the Executive Officer, the heads of 
departments, the Operations Officer, the Air 
Officer, the Gunnery Officer, the Engineer 
Officer, the Supply Officer, the Medical Offi- 


| cer, the Dental Officer, the Damage Control 
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Assistant, and all Division Officers are listed 


here.) 


Repair Party Officers shall: 


(1) 


(2) 


(3) 


(4) 


(5) 


Establish and supervise personnel de- 
contamination facilities as directed by 
the Damage Control Assistant. 

Assist the Damage Control Assistant 
in the training and indoctrination of 
personnel in ABC Defense Measures. 


Maintain and post a list of all Zebra 
and Circle William fittings requiring 
closure indicating personnel assigned 
to each fitting. 

Provide for reading of pocket chamber 
type dosimeters at Repair Party and 
decontamination stations. 

Maintain operable detection devices in 
Repair Lockers. 


All hands shall: 


(1) 


(2) 


(3) 


(4) 


(5) 


Be capable of donning and properly ad- 
justing the protective mask within 10 
seconds. 

Be familiar with the location of shelter 
stations and with the proper method of 
wearing protective clothing. 


Maintain a high degree of security to 
preclude effective sabotage by enemy 
personnel. 

Know the location of the personnel de- 
contamination change station to which 
assigned and the procedure to follow in 
being processed through the station. 


Have a basic knowledge of first aid and 
self-aid. 


Detection Teams: 


(1) 


Detection teams shall be composed of 
the following men and equipment: 


(a) Monitor—(Radiac Instrument, 
chemical detecting kit, self indi- 
cating dosage device.) 

(b Recorder — (clipboard, recording 
forms and pencil, biological detect- 
ing kit.) 

(c) Marker —(cloth contamination line 
markers and chalk.) 


(d Messenger, Talker—(additional 
recording slips, clipboard and cloth 
contamination markers.) 


Example: 

Time Reading Compt or Deck Frame 
0900 15R B203L 130 
0905 17R Main Deck 140 
0910 20R Main Deck 160 
0915 16R 01 Deck 100 
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Monitor Survey Form 


From Port 


Stbd or Center Line 


X 
X 
X 
X 


(This form to be utilized by Recorder, Repair Party and Damage Control Central Talkers) 


(2) 


(3) 


(1) 


The detection teams shall function as 
follows: 

(a) The monitor shall lead the squad 
and detect contamination. He shall 
sing out the type and extent. 

The recorder shall record the 
time, intensity, compartment or 
deck, frame and distance from 
centerline or port or starboard. 
(See example above.) When 3 or 
4 entries are madehe shall detach 
the recording slip, hand it to the 
messenger and begin on another. 
The messenger shall immediately 
deliver the information to his Re- 
pair Party Officer by whatever 
means of communication available 
and return to his squad. 

The marker shall drop weighted 
colored cloth contamination 
markers according to the degree 
of contamination and rope off areas 
where highly contaminated. Chalk 
shall be used when cloths are ex- 
pended. 

Detectionteams shall normally be com- 
posed of Repair Party personnel and 
shall be further augmented by depart- 
mental detection teams when the amount 
of contamination is such that the regu- 
lar teams have received their maximum 
permissible exposure to radiation. 


(b) 


(c) 


(d) 


Decontamination Teams: 


Decontamination teams shall be com- 

posed of the following men and equip- 

ment. 

(a) Decontamination Monitor—shall 
direct the operation. 

(b) Hosemen—two men who shall han- 
dle salt water and/or steam hose. 

(c) Scrubbers—Three men who shall 
be provided with brushes, soap and 
buckets. 
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(2) 


(b) Scrubbing with soap and water 
from top to bottom. 

(c) Washing down with water followed 
by repeated scrubbing until moni- 
toring shows contamination re- 
moved or reduced to a safe level. 

(d) Detailed decontamination may pro- 
ceed with whatever means avail- 
able aboard ship until a shore based 
decontamination activity can be 
reached. 

(e) Decontamination means which may 
be used are: 

ATOMIC BIOLOGICAL CHEMICAL 
Water Caustic Solutions Chlorine- 
Compounds 
Soap and Chlorine Compounds Caustic- 
detergents Solutions 
Steam Formalin Vapors Steam (in 
interior) 
Caustic Carboxide Gas 
solutions 
Scraping Soap and Water 
Flame 


Decontamination procedures shall be 
as follows: 


(a) Primary gross decontamination- 
ABC-rough washdown with fire 
hose being cautious to wash down 
from the windward side and from 
top to bottom. 


Personnel decontamination change stations. 


(1) 


Personnel who have been exposed tothe 

effects of Atomic, Biological or Chemi- 

cal agents, when directed, shall follow 

the procedure stipulated herein. 

(a) Go tothe personnel decontamina- 
tion change station to which di- 
rected. 
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Example: (1) Forward, port, 02 level, frame 
26-35 inboardof Gun Mount #52. 
(2) Aft, port, 02 level, frame 190- 
202 inboard of Gun Mount #58. 
(b) Follow routes as indicated by lines 
on figure 8-1 and carry out the 
following procedures: 


STATION ACTION TO BE TAKEN 


A. Personnel wearing waterproof pro- 
tective clothing take a shower 
under firehose to remove contami- 
nation from clothing. 

Deposit headgear in GI can. 
Deposit outer clothing and gloves 
in GI can. 

Deposit Protective Mask in GI can. 
(IF CHEMICAL ATTACK wear pro- 
tective mask through shower.) 
Deposit bootees and inner gloves 
(if worn) in GI can. 

Deposit shoes in GI can. 

Report to entrance monitor. If 
Geiger Counter reading exceeds 
0.5 roentgens remove-all clothing 
before entering. 

Report to Individual Protective 
Warning Device Recorder and give 
him your film badge, pocket dosim- 
eter or chamber, name, rate, etc. 
Deposit inner shirt in GI can. 
Deposit inner trousers in GI can. 
Deposit underwear in GI can. 
Deposit socks in face bucket. 
NOTE: When you get to this point 
you will find a bench. Sit on bench 
and remove one sock and deposit 
in bucket. Swing bared foot and 
leg over bench. Follow same pro- 
cedure with other foot. This pro- 
cedure MUST BE FOLLOWED to 
prevent spread of atomic, biologi- 
cal or chemical contamination. 
Hospital Corpsman dress wounds 
or open sores with waterproof 
bandage. 

Pick up soap. 

Pick up brush. 

Pick up shower clogs. 

Enter shower and scrub complete 
body thoroughly, especially hairy 
parts of body, fingernails and feet. 
Report to exit monitor. If contami- 
nation still exists return to shower 
0 via dotted line and repeat scrub 
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STATION ACTION TO BE TAKEN (Cont.) 
down and returnto exit monitor for 
another monitoring. 

Deposit brush after being passed 
by exit monitor. 

Deposit shower clogs. 

Obtain clean towel. 

Dry down and deposit used towel. 
Obtain emergency footwear. 
Obtain emergency clothing. 

Have DT-60/PD (phosphor glass 
dosimeter) read and recorded. 
When directed: 


CeHmgO wv 


V. Return to duty. 

W. Proceed to contaminated isolation 
ward. 

X. Proceed tobattle dressing station. 


Phase II—Attack Possible 

(The responsibilities of the Commanding Offi- 
cer,the Executive Officer,all heads of depart- 
ments,the Operations Officer,the Air Officer, 
the Gunnery Officer, the Engineer Officer, the 
Supply Officer, the Medical Officer, the Dam- 
age Control Assistant, and all Division Officers 
are listed here.) 


All Hands shall: 

(1) Provide a complete change of clothing 
to be suitably stowed in dressing room 
or adjacent to decontamination station 
near battle stations. 


Phase III—Attack Imminent 
(The responsibilities of the Commanding Offi- 
cer, the Officer of the Deck, the Operations 
Officer, the Air Officer, the Engineer Officer, 
the Medical Officer, and the Damage Control 
Assistant are listed here.) 


Repair party officers shall: 

(1) Issue protective clothing, protective 
masks and dosimeters if such equip- 
ment has not previously been distri- 
buted. 

Implement the responsibilities of the 
DCA. 


(2) 


All hands shall: 

(1) Put on protective masks, protective 
clothing, if supplied, and DT-60/PD 
dosimeters—priority will be given to 
personnel in exposed stations. 

Carry out normal general quarters 
duties unless otherwise directed. 

Assist Damage Control by closing any 
fittings detected as violating the 


(2) 
(3) 
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Figure 8-1.—Routing through a decontamination station. 


material condition in effect, especially 
any opening to the word indicating 
Upon hearing the work indicating type 
of attack, take appropriate action as 
follows: 


(4) 


BIOLOGICAL AND 
ATOMIC ATTACK CHEMICAL 
Hit the deck. Those 
required to stand 
in performing their 
duties, flex knees 
until shock wave 
passes. 


PHASE IV—Post Attack 

Nothing in this section shall be construed 
as requiring diversion of attention, equipment 
or personnel from the urgent hazards of 


No additional action 
necessary. 
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damage, fire or flooding which may have oc- 
curred during the ABC attack. Efforts to 
minimize residual effects of ABC attack may 
be carried out in conjunction with, but shall 
not impair, efforts to save the ship. 

(The responsibilities of the Commanding 
Officer, All Control Stations, the Operations 
Officer, the Air Officer, the Engineer Officer, 
the Supply Officer, the Medical Officer, the 
Dental Officer, and the Damage Control As- 
sistant are listed here.) 


Repair Party Officers shall: 

(1) Maintain a plot of all contaminated 
areas throughout the ship in the event 
that they must assume the duties of 
Damage Control Central. 

Plot "stay time" for their own Repair 
Party personnel and vital stations in 
their areas. Report "stay time" for 


(2) 
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vital stations to Damage Control Cen- 
tral. 

(3) Direct traffic flow, detection and decon- 
tamination teams. 

(4) Proceed with personnel decontamina- 
tion measures. 

(5) Take local action within their authority 
torelocate endangered personnel under 
their jurisdiction. 

(6) Restore ventilation when directed by the 
DCA. 


All hands shall: 
(1) Resume allbattle functions immediately 
after the shock wave has passed if sta- 
tioned below decks. 


(2) Resume all battle functions ninety sec- 
onds after shock wave or when directed 
by control stations if assigned to ex- 
posed stations. 

(3) Open no fittings in the gas-tight enve- 
lope without permission from Damage 
Control Central. 

(4) Institute immediate self-aid measures 
following exposure. 

(5) Observe appropriate safety precautions 
upon entering contaminated areas. 

(6) Enter the interior of the ship only 
through personnel decontamination 
stations. 

(7) Beinstructed to wash frequently and not 
to eat, drink, or smoke or put hands near 
face until given further instructions. 


Passive Defense Bills 


Passive Defense Bills are those bills which 
deal with all kinds of emergencies, including 
enemy attack and natural disasters which may 
occur either on or off station limits. These 
bills may be divided into severalclasses. For 
example, the bills which are concerned with 


local emergencies may be grouped together.. 


These involve self-help measures. Self-help 
may be defined as that help which an activity 
administers to itself in order to reduce loss of 
life and property and to continue its assigned 
mission. These bills establish procedures and 
personnel assignments for any type of disaster, 
naturalor manmade, that maybe expected near 
the station. Such bills usually cover fire, acci- 
dent, enemy attack, flood, hazardous weather, 
earthquakes and the like. These are the bills 
with which you will be most concerned. 


Other passive defense bills maybe grouped 
under the heading of "Emergency Recovery 
Bills." These are bills which involve the use 
of naval forces in rendering off-station assist- 
ance; that is, assistance to military installa- 
tions, other Federal agencies, and civil organ- 
izations. 

Usually a Passive Defense Station Bill 
consists of the names of personnel with assign- 
ments, directions, and procedures to be 
followed upon receipt of a prearranged signal. 
These bills not only assign personnel tobillets 
in the emergency recovery forces, but also 
integrate local resources into the station pas- 
sive defense organization and mobile support 
plan. There seems to be noprescribed format 
for station bills such as exists for operations 


plans. It is to be expected that the form and 
content of the bill will vary considerably with 
the nature of the bill itself. However, certain 
major headings are common to many passive 
defense bills. Typical headings with possible 
contents are as follows: 

1. General—including the scope and pur- 
pose, when and how evoked, type of 
emergency, general considerations (such 
as the station's role in the particular 
emergency involved), signals (distinctive 
signals for particular emergencies), and 
equipment (location of emergency and 
repair equipment). 

2. Organization—the channels of command 
used to direct the efforts of the station 
under emergency conditions. The heads 
of departments and activities are usually 
delegated the responsibility for assem- 
bling and organizing their personnel to 
carry out their prescribed duties. 

3. Task assignments—these are the specific 
tasks or duties to be performed by each 
department of the station or element in 
the passive defense organization. 

4. Instructions to personnel—any special 
instructions to all personnel or to spe- 
cific groups on procedures to be followed. 


TRAINING FOR ABC WARFARE DEFENSE 


Because of the scope and constantly chang- 
ing nature of ABC warfare defense, it is espe- 
cially important that training be a continuous 
process for all hands. The ABC Defense Bill, 
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for example, may specify the followingtraining 
responsibilities: 


a. 


The Commanding Officer will conduct 
inspections and drills to determine the 
readiness for ABC Defense. 


. All heads of departments will arrange 


for the training of departmental decon- 
tamination squads in decontamination 
measures appropriate to the spaces and 
equipment in their departments, provide 
for the instruction of personnel in the 
use of individual protective equipment 
and train them in the performance of 
battle assignments while wearing protec- 
tive masks and protective clothing. 


. The Operations Officer will train CIC 


personnel in preparing a RADEX plot, 
and ensure that electronics technicians 
are instructed in the maintenance and 
repair of radiac instruments. 


. The Medical Officer will conduct instruc- 


tion in the use of first aid and self-aid 
medical equipment, and in personal 
hygiene and ship sanitation. 


. The Damage Control Assistant will in- 


doctrinate and train the ABC Defense 
organization in Repair Parties, supervise 
the ABC Defense training of ship's com- 
pany through division officers, and pre- 
pare battle problems for the evaluation 
of the ship's ABC Defense organization. 


. All Division Officers will be responsible 


for the indoctrination and training of 
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personnel of their divisions in the funda- 
mentals of ABC Defense. 

. Repair Party Officers will assist the 
Damage Control Assistant in the train- 
ing and indoctrination of personnel in 
ABC Defense measures. 


All of the teaching methods and techniques 
will be used in ABC Warfare defense training. 
Drills wil simulate on-the-job situations; 
demonstrations will show you what to do and 
how it is done; lectures will present the funda- 
mental information. The characteristics and 
effects of ABC warfare agents lend themselves 
to the lecture method. Detection of agents, 
use of protective equipment and decontamina- 
tion procedures are best taught by demonstra- 
tions and drills. 


Careful planning, including the preparation 
of detailed lesson plans, is essential to the 
achievement of training objectives. Determine 
what training is needed, break it down into 
specific objectives, and set up a training pro- 
gram and schedule to meet the objectives. In- 
formation onsetting up programs and teaching 
methods and procedures is included in the 
Shipboard Training Manual, NavPers 90110, 
and the Manual for Navy Instructors, NavPers 
16103B. Sample lesson plans are included in 
the Syllabus of Lesson Plans for First Aid 
Instructors, NavMed P-5056. 
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QUIZ 


The detailed instructions to be followed in 
the performance of duties in connection 
with a specific situation are calleda . . 


The ABC Defense Bill is used by: 
a. shore stations 
b. ships 
c, headquarters 
d. all of the above 


The individual immediately responsible 
for the administration and organization of 
the ABC Defense Bill is the: 

a. Damage Control Assistant 

b. Medical Officer 

c. Engineer Officer 

d. Operations Officer 


Procedures for the use of mobile units, 
collective protectors and collective shel- 
ters are covered in the: 

General Emergency Bill 

Collective Defense Bill 

Passive Defense Bill 

ABC Defense Bill 
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5. 


Detection teams will normally be com- 
posed of ps vsenna, 





"Stay time" for vital stations is reported n 
to Damage Control Central by: 
a. all hands 
b. repair party officers 
c. Damage Control Assistant 
d. Engineer Officer 


Passive Defense Bills deal with ali kinds 
of emergencies, including enemy, attack 
and ay 





The training of decontamination squads-in 
decontamination measures is. the — 
bility of: 
a. the Executive Officer 
b. the Damage Control Assistant 
c. the Engineer Officer 
d. all heads of departments 


..- 
`. " 
7 e. as 


ous bus 


13. 
14. 
15. 
16. 
17. 
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APPENDIX 1 


ANSWERS TO QUIZZES 


Chapter 2 


The Nature of Atomic (Nuclear) Warfare 


b 
nucleus 
& 

c 
proton 


ions 

& 

fusion 

c 

air burst, surface burst, 
underground burst, un- 
derwater burst 


. underwater burst 


2900 

b 

d 

b 
fallout 


18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


32. 
33. 


a 

c 

strength 

d 

underground 

a 

heading, shape 

less 

nature (kind), color 

c 

secondary 

would not 

c 

concrete, unglazed brick, 
unpainted wood, asphalt 
(any three) 

gamma rays, neutrons 

d 


Chapter 3 


34. 
35. 
36. 
37. 


38. 
39. 


40. 
41. 
42. 
43. 


45. 


do not 

c 

does not 

primary (direct), second- 

ary (indirect) 

secondary 

Primary burns--direct 
result of the thermal 
radiation from the bomb. 

Secondary burns--result 
from fires caused: by 
the explosion. 

mechanical destruction 

clothing 

b 

b 

half-value layer thickness 

base surge 


THE NATURE OF BIOLOGICAL AND CHEMICAL WARFARE 


antipersonnel 
d 


cannot 

b 

bacteria, rickettsiae, 
viruses, fungi, protozoa 
persistency, contagion, 
potency or virulence 


c 
single-celled 
a 

rickettsiae 
are not 

d 


defoliants 
are 


15. 


16. 
17. 
18. 
19. 


20. 
21. 


the multiplication of mi- 
croorganisms -within the 
body of a host with re- 
sultant damage tothe host 
b 

a 

c 

the occupation of areas, 
the disabling of the enemy 
personnel 

nerve 

blister 

blood 

choking 

vomiting 

tears 
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22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 


d 

b 

c 

nerve agent 
eye irritation 
b 

d 

a 

c 

water 

a 

b 

material 
defensive 
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Appendix I— ANSWERS TO QUIZZES 
Chapter 4 
DETECTION AND IDENTIFICATION OF ABC WARFARE AGENTS 


BW 14. d 27. c 
aerosols 15. is not 28. ten 
d 16. b 29. phosgene oxime 
mechanical, chemical 17. a 30. d 
b 18. c 3l. a. rapid survey 
c 19. b b. detailed survey 
chemical change; internal 20. d c. supplementary moni- 
physical change 21. worn around the neck, on toring 
a a chain, like a ''dog-tag" d. personnel monitoring 
phosphate glass 22. computer-indicator 32. a. monitor 
chemical change 23. a b. recorder 
c 24. c c. marker 
sampling; laboratory 25. is not d. talker-messenger 

26. b 33. locate, isolate, record, 

report 


Chapter 5 
INDIVIDUAL AND COLLECTIVE PROTECTION 


b 10. c 26. b 
primary (direct) 11. b 27. artificial respiration 
secondary (indirect) 12. d 28. d 
d 13. a 29. a 
Hemorrhage, shock 14. b 30. c 
Primary burns--direct 15. convulsions, coma 31. d 
result of the thermal ra- 16. c 32. d 
diation from the bomb. 17. a 33. do not 
Secondary burns--result 18. protective mask 34. b 
from fires caused by the 19. d 35. € 
explosion. 20. ten 36. three 
depth, extent of the area 21. handkerchief 37. hairy 
a 22. eat, drink, smoke, chew 38. will not 
fever, malaise, inflam- 23. is not 39. a 
mation 24. d 
conducting, water 25. € 
Chapter 6 

PROTECTIVE EQUIPMENT AND ITS USE 
c 12. M9A1 23. may not 
a 13. a 24. before 
b 14. d 25: ë 
charcoal 15. c 26. a 
d 16. protective hood 27. direct sunlight 
d 17. d 28. b 
b 18. b 29. d 
a 19. a 30. d 
c 20. c 31. c 
cleared, airtightness 21. d 32. b 
b 22. b 
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ABC WARFARE DEFENSE 


Chapter 7 
DECONTAMINATION 
1. The process of neutrali- 16. a 32. a 
sation, destruction or re- 17. water washdown system 33. b 
moval of a harmful agent 18. b 34. c 
te such a degree that the 19. d 35. carboxide 
. contaminated object or 20. steam-jet, detergent 36. d 
area ís safe. 21. c 37. & 
à: eperating personnel 22. surface decontamination, 38. b 
z TEZ ° aging and sealing, dis- 39. c 
4. à. posal 40. ashore 
5. b 23. b 4l. c 
6. <. 24. d 42. b 
7. c 25. b 43. a 
8. can not 26. a 44. d 
9. a 27. c 45. d 
10. d ` 28. b 46. c 
11. * 29. d 47. d 
12. b 30. d 48. b 
13. < 31. burial, entombment, 49. should not 
14, . increased burial 50. a 
15. .ulldoser 
Chapter 8 


PREPARING FOR ABC WARFARE DEFENSE 


i.. bill 4. c 7. natural disasters 


2. b. . | 5. repair party 8. d 
6. b 


‘3. a 
ç . 
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. INDEX 


I 


ABC warfare. See Atomic, Biological, Chem- 
ical, and Defense 
Acids, inorganic; decontamination 125 
Action, individual, during ABC attack 72-74 
Agents 
AW 47-56 
blister 37, 39, 70, 76 
blood 37, 40, 71, 76 
BW 32, 34, 47-50, 69, 75, 82 
choking 38, 41, 71, 77 
complexing 122 
CW 37, 38, 47, 50, 56-61, 70, 75, 137-141 
detection and identification 47-65 
infectious, sources of 34 
monitoring and survey 61-65 
nerve 37-39, 70, 75 
vomiting and tear 38, 41, 42, 71, 72, 77 


Aging and sealing, decontamination 127 
Air burst 5, 12, 16 
Aircraft, decontamination of 142 
gross 117 7 
Areas, contaminated; isolating 64 


Atom, basic science of 4 
Atomic (nuclear) warfare 
agents, detection and identification 47-56 
contamination 111 
decontamination 114 
defense, preparing for 148-154 
effects of, on personnel 68 
nature of 4-27 


Bacteria 33 
Base surge 12 
Bills 
ABC defense 148-153 
passive defense 153 
Biological warfare 
agents 
detection and identification 47-50 
effects of 34 
sources of 34 
types of 32 
contamination 112 
decontamination 134 
defense, preparing for 148-154 
general effects 31 
nature of 31-36 
resistance to 36 
Blast 
injuries caused by 23, 68 
self-aid and first aid 74 
nuclear explosion 10, 12, 68 
Bleaches 
chlorinated 137 
paste 139 
unmixed 139 
Blister agents 37, 39, 70, 76 


Blood agents 37, 40, 71 

self-aid and first aid 76 
Burns from nuclear explosion 23-25, 68 
Bursts, types of; atomic warfare 5 


Caustics, strong; decontamination 122 
Chemical warfare 
agents 
accelerated decomposition of 137-141 
characteristics and effects of 38 
classification of 38 
detection and identification 47, 50, 56-61 
types of 37 
contamination 113 
decontamination 136 
defense, preparing for 148-154 
general effects of 37 
nature of 36-45 
Choking agents 38, 41, 71 
symptoms 77 
Closures, ship 107 
Clothing 
inspection and testing 95 
protective 93-95, 100, 101, 105, 106 
limitations and precautions 94 
wet weather 94 
Complexing agents, decontamination 122 
Contaminants, physical removal of 141 
Contamination 
AW 111 
BW 112 
CW 113 
radioactive 19, 21, 22 


Damage zones 9 
Danc, in decontamination 139, 144 
Decontamination 111-144 
aircraft 142 
AW 114 
BW 134 
by sealing 141 
canned foods 136 
clothing, cotton and wool 136 
common procedures 144 
detailed 111, 120 
gross 111, 114-117, 120 
natural 137 
personnel 133, 136 
procedures 120 
stations, personnel 81, 82 
surface 120, 127 
Defense 
ABC warfare 1-3 
preparing for 148-154 
training for 153, 154 
bills 
ABC 148-153 
passive 153 
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ABC WARFARE DEFENSE 


Detection and identification, ABC warfare 
agents 47-65 
early, need for 47 
Disposal, contaminated material 127, 133 
by entombment 133 
Dissemination, methods of; ABC warfare 
agents 47 
Dosimeters 50 
glass 54 
pocket 52 
Dressing and undressing procedures, protec- 
tive clothing 95, 100 
Dry-mix, in decontamination 138 


Equipment 
detection 
BW 55 
CW 56 
radiac instruments 50-55 
protective, and use 85-108 
Ethylene oxide gas, decontamination 135 
Explosions, nuclear; characteristics 6 
Explosives, in decontamination 142 


Fallout 7, 21 
Film 
badge 49, 53 
photographic 49 
Fire 
nuclear explosion 10, 16 
storm 16 
First aid 74 
Formalin vapor, decontamination 135 
Fungi 33 


Gas ionization 48 
Geiger-Mueller survey meters 50, 51, 55 
Gross decontamination 111, 114 

aircraft 117 

land areas 115 

ships 116 

tanks, trucks, and heavy weapons 120 


Half-life, element or isotope 25, 26 
Half-value layer thickness 26 
Heat 
injuries, self-aid and first aid 74 
nuclear explosion 10, 17, 68 
radiant 17 
Hygiene, personal; against BW agents 82 


Impermeable clothing, putting on and taking 
off 101, 105 
Impregnating sets, clothing 106 
Incendiaries 38, 42 
injury caused by 72, 78 
metal 43 
oil 42 
Infection 35 
routes of 35 
Infectious agents, sources of 34 
Injuries’ 
heat, self-aid and first aid 74 
nuclear explosion 23 
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Injuries -- Continued 
shock wave 24 
Introduction, general discussion 1-3 


Lewisite 40, 71, 140 


Masks, protective 85 
accessories 92, 93 
M9A1 and M3A1-10A-6 91 
M17 92 
ND-MK V 86, 87 
Model, equipment designated by 
M1 antidim set 92 
M4 protective hood 93 
M5A1 protective ointment kit 75, 76, 93 
M6Al1 automatic field alarm 59 
M9A2 chemical agent detector kit 59 
Monitoring, ABC warfare agents 61-65 
party duties 65 
Mustards 39, 40 
nitrogen 71 


Nerve agents 37-39, 70, 75 
Neutron shielding 27 
Nuclear warfare. See Atomic 


Passive defense bills 153 
Permeable clothing, putting on and taking off 
95, 100, 101, 105 
Plants, effect of BW agents on 69 
Protection 
collective 68, 78-83 
equipment, and use 85-108 
individual 68, 72-78 
Protective 
clothing 93-95, 100, 101 
cover, individual 106 
equipment and use 85-108 
masks 85-87, 91, 92 
Protozoa 34 


Radiac instruments 48, 50-55 
limitations of 54 
typical Navy 55 
use of 55 
Radiation 
detection with radiac instruments 48 
doses, nuclear 25 
effects 
nuclear 18, 23 
thermal 14 
injuries, nuclear 25, 69 
sterility and impotency 69 
treatment for 74 
Radioactivity 5, 7, 10, 12, 19, 21, 22, 25, 26, 
62, 63, lll, 112, 114-116, 118, 119, 127 
instantaneous and residual 149 
Radiological warfare 5 
References, publications 3, 154 
Resistance, biological warfare 36 
Rickettsiae 33 


Sabotage 47 
Sanitation, against BW agents 82 


todo € 


.. 
Las 


| 


— smokes 38, 43, 72 
'Scrubbing, decontamination 121 
Self-aid 74 
Shelters 

afloat 78 

ashore 78-81 

cut-and-cover 80 

multi-purpose 79 

single -purpose 79 
Shock 

nuclear explosion 10 

underwater 13 

wave injuries 24 
Shoe impregnite 106 

Slurry, in decontamination 138 
|Smokes, screening 38, 43, 72 
Solvents, organic 124 
Stations, personnel decontamination 81, 82 
Steam, in decontamination 121, 140 
Subsurface burst 6, 16 
Surface burst 6, 7 


survey 
ABC warfare agents 61-65 
aerial 62 
party duties 65 

Symptoms 


ABC attack 68, 69 
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INDEX 


Symptoms --Continued 
BW agents 69, 75 
CW agents 70, 75 
Synthetic chemical compounds 34 


Tear and vomiting agents 38, 41, 42, 71, 72, 77 
Testing, protective masks 87, 92 

Toxins 34 

Training, ABC warfare defense 153, 154 


Underground burst 10, 12 
Underwater 
bursts 7, 12, 16, 21, 78 
shock 13 


Vaccination 82 

Vesicant detector 
crayon 57 
paper 57 

Viruses 33 

Vomiting and tear agents 38, 41, 42, 71, 72 
protection against 77 


Water, in decontamination 137, 141 
Weapons 

incendiary 42 

nuclear 5 
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